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SUMMARY
T h i s  t h e s i s  c o n t a i n s  t h r e e  s h o r t  r e v i e w s  as
f o l l o w s
1.  R e a c t i o n  o f  1 - n a p h t h o l  w i t h  e l e c t r o p h i l e s
2 .  F o r m y l a t i o n  o f  1 - n a p h t h o l
3 .  P r e p a r a t i o n  m e t h o d s  and d i f f e r e n t  t y p e s  
o f  r e a c t i o n s  o f  q u i n o n e  m e t h i d e s .
R e p e t i t i o n  o f  t r e a t m e n t  o f  1 - n a p h t h o l  w i t h  c a r b o n  
d i s u l p h i d e  and t h e n  d i b r o m o e t h a n e  g i v e s  t h e  two  i s o m e r i c  
q u i n o n e m e t h i des  ( A )  and ( B )  and n o t ,  as c l a i m e d  e a r l i e r ,  
e x c l u s i v e l y  t h e  p a r a  i s o m e r .
OH H JN
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The m a j o r  p r o d u c t  o f  t h i s  r e a c t i o n  i s  p r o v e d  t o  
be t h e  o r t h o  one by d e t a i l e d  a n a l y s i s  o f  i t s  s p e c t r a  and 
by r e d u c t i o n  v i a  a d i h y d r o d e r i v a t i v e  t o  2 - m e t h y 1 - 1 - n a p h t h o l  
w h i c h  was p r e p a r e d  i n d e p e n d e n t l y  f o r  c o m p a r i s o n .  The p a r a  
i s o m e r  i s  p r e s e n t  i n  v e r y  s m a l l  a mo un t  b u t  i t  can  be 
i s o l a t e d  by c h r o m a t o g r a p h y  and i t s  s t r u c t u r e  c o n f i r m e d  
s p e c t r o s c o p i c a l l y .
T h i s  t h e s i s  d e s c r i b e s  an i n v e s t i g a t i o n  o f  a s p e c i f i c  
r o u t e  t o  t h e  p a r a  i s o m e r .  S e v e r a l  m e t h o d s  t o  f o r m y l a t e
1 - n a p h t h o l  w e r e  i n v e s t i g a t e d .  The G a t t e r m a n n  Adams 
r e a c t i o n  p r o v e d  m o s t  e f f e c t i v e .  The d i h y d r o p h e n o l  ( c )
“ V —
was made f r o m  4 - f o r m y 1 - 1 - n a p h t h o l  b u t  a t t e m p t s  u s i n g  a 
w i d e  r a n g e  o f  o x i d i s i n g  a g e n t s  f a i l e d  t o  c o n v e r t  i t  t o  ( A ) .  
The 2 - b r o m o d e r i v a t i v e  a l s o  f a i l e d  t o  u n d e r g o  c l e a n  o x i d ­
a t i o n .
2 - M e t h y 1 - n a p h t h o q u i n o n e m e t h i d e  ( D)  was p r e p a r e d  
by t h e  CS^ r e a c t i o n  and c h a r a c t e r i s e d ,  b u t  2 - c h l o r o -  and
2 - b r o m o n a p h t h o l s  f a i l e d  t o  g i v e  t h e  c o r r e s p o n d i n g  q u i n o n e  
m e t h i d e .
C h a n g i n g  t h e  s o l v e n t  o f  t h e  o r i g i n a l  r e a c t i o n  
o f  1 - n a p h t h o l  g av e  t h e  t wo  i s o m e r s  i n  t h e  r a t i o  ( 1 : 1 ) .
The t wo  i s o m e r s  w e r e  s u c c e s s f u l l y  i s o l a t e d  and f u l l y  
c h a r a c t e r i s e d  and t h e i r  s p e c t r a  i s  r e p o r t e d .  The nmr 
s p e c t r a  o f  ( A )  w e r e  f o u n d  t o  be a f f e c t e d  by t h e  p r e s e n c e  
o f  a c i d .
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1 .  INTRODUCTION
I 1 - N a p h t h a l e n o l  ( 1 - n a p h t h o l ,  a l p h a - n a p h t h o i , 
1 - h y d r o x y  n a p h t h a l e n e )  f o r m s  c o l o u r l e s s  c r y s t a l s  w h i c h  
t e n d  t o  become c o l o u r e d  on e x p o s u r e  t o  a i r  o r  l i g h t .  I t  
can  be p r e p a r e d  by t h r e e  d i f f e r e n t  m e t h o d s .
i .  P r e s s u r e  h y d r o l y s i s  o f  1 - n a p h t h a l e n e a m i n e  
w i t h  a q u e o u s  s u l f u r i c  a c i d  a t  1 8 0 ° C .
i i .  F u s i o n  o f  s o d i u m  1 - n a p h t h a l e n e s u l f o n  a t e  w i t h  
50?o w / w .  a q u e o u s  s o d i u m  h y d r o x i d e  a t  a b o u t  2 9 0 “ C f o l l o w e d  
by n e u t r a l i z a t i o n  g i v e s  1 - n a p h t h a l e n o l  i n  a b o u t  90% y i e l d .  
H o w e v e r ,  t h e  s t a r t i n g  m a t e r i a l  f o r  t h i s  m e t h o d  i s  n o t  
r e a d i l y  a v a i l a b l e  i n  p u r i t y  a d e q u a t e  t o  make h i g h  p u r i t y
1 - n a p h t h o l .
i i i .  O x i d a t i o n  o f  t e t r a l i n  t o  t e t r a l o n e  w h i c h  i s  
d e h y d r o g e n a t e d  i n  t h e  p r e s e n c e  o f  t r a n s i t i o n  m e t a l s  as 
c a t a l y s t .
1 - N a p h t h o l  i s  a m o d e r a t e l y  t o x i c  and h i g h l y  
i r r i t a t i n g  c h e m i c a l .  I t  has  an i m p o r t a n t  use  i n  m a k i n g  
s e v e r a l  a g r i c u l t u r a l  c h e m i c a l s  and d r u g s .  I t  i s  u s e d  i n  
t h e  p r e p a r a t i o n  o f  a z o ,  i n d i g o i d -  and  n i t r o - d y e s ,  and 
m a k i n g  dye  i n t e r m e d i a t e s ,  e . g .  n a p h t h o l s u l f o n i c  a c i d s ,  
4 - c h l o r o - 1 - n a p h t h a l e n o l  and 1 - h y d r o x y - 2 - n a p h t h o n i c  a c i d .
I t  i s  an a n t i o x i d a n t  f o r  g a s o l i n e  and some o f  i t s  a l k y l a t e d  
d é r i v â t e s  a r e  s t a b i l i z e r s  f o r  p l a s t i c s  and r u b b e r .
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2 .  REACTION OF 1-NAPHTHOL WITH ELECTROPHILES
B e c a u s e  o f  e l e c t r o n  r e l e a s e  f r o m  t h e  p h e n o l i c  
h y d r o x y  g r o u p  1 - n a p h t h o l  i s  e x p e c t e d  t o  r e a c t  w i t h  e l e c t r o ­
p h i l e s  a t  p o s i t i o n s  2 and 4 ,  i . e .  o r t h o  and p a r a  t o  t h e  
h y d r o x y l  g r o u p .  A r e v i e w  o f  t h e  l i t e r a t u r e  was made and 
i t  c o n f i r m s  t h i s  p r e d i c t i o n  b u t  a l s o  shows  t h a t  t h e r e  i s  
l i t t l e  t o  c h o s e  b e t w e e n  t h e  two  s i t e s  and  t h a t  s m a l l  
c h a n g e s  i n  t h e  s o l v e n t ,  f o r  e x a m p l e ,  can  c h a n g e  t h e  r e a c t i o n  
s i t e .  I t  i s  a l s o  p o s s i b l e  t h a t  some o f  t h e  o l d e r  a s s i g n ­
m e n t s  o f  s t r u c t u r e  a r e  w r o n g .  Some seem t o  hav e  been  
assumed  by a n a l o g y ,  some a r e  c o n f i r m e d  by i n t e r c o n v e r s i o n s .  
O n l y  r e c e n t l y  has  p r o t o n  NMR a l l o w e d  f a i r l y  c e r t a i n  p r o o f .
2 . 1 H a l o g é n a t i o n
When 1 - n a p h t h o l  i s  t r e a t e d  w i t h  SO^ C l ^  i n  h o t  
c h l o r o f o r m  4 - c h l o r o - 1 - n a p h t h o l  and  2 - c h l o r o - 1 - n a p h t h o l  
a r e  f o r m e d ^   ^ ^ .
OH
O n l y  4 - c h l o r o - 1 - n a p h t h o l  i s  o b t a i n e d  by t h e  r e a c t i o n  i n
( 2 )e t h e r  i n  t h e  p r e s e n c e  o f  B i C l ^  as c a t a l y s t  . T r e a t m e n t  
o f  s o d i u m  1 - n a p h t h o x i d e  w i t h  a q u e o u s  s o d i u m  h y p o c h l o r i t e  
g i v e s  e x c l u s i v e l y  2 - c h l o r o - 1 - n a p h t h o l  i n  a b o u t  70% y i e l d ^
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On t r e a t m e n t  o f  1 - n a p h t h o l  w i t h  b r o m i n e  and q u i n o l i n e  
s u l f a t e  i n  g l a c i a l  a c e t i c  a c i d  4 - b r o m o - 1 - n a p h t h o l  was
( 4 )f o r m e d
g av e  2 - b r o m o - 1 - n a p h t h o l  i n  61% y i e l d
, w h e r e a s  t r e a t m e n t  w i t h  b r o m i n e  and  t - b u t y l a m i n e
( 5 )
T r e a t m e n t  o f  1 - n a p h t h o l  w i t h  b r o m i n e  i n  g l a c i a l  a c e t i c  
a c i d  w i t h  c o o l i n g  o r  i n  c a r b o n  d i s u l p h i d e  g i v e s  2 , 4 -  
d i b r o m o - 1 - n a p h t h o l .
2 . 2 N i t r a t i o n  and  N i t r o s a t i o n
T r e a t m e n t  o f  1 - n a p h t h o l  w i t h  d i a c e t y l o r t h o n i t r i c
( 6 ) NG^ i na c i d  i n  t h e  c o l d  g i v e s  2 - n i t r o - 1 - n a p h t h o l  
a c o o l e d  m i x t u r e  o f  b e n z e n e  and p e t r o l e u m  e t h e r  c o o l e d
down i n  a f r e e z i n g  m i x t u r e  g av e  2 - n i t r o - 1 - n a p h t h o l  and 
2 , 4 - d i n i t r o  1 - n a p h t h o l ^ ^  \
OH
NOg
The o l d  l i t e r a t u r e  d e s c r i b e s  many p r o c e d u r e s  f o r  n i t r o  
s a t i o n  o f  1 - n a p h t h o l  g i v i n g  2 - n i t r o s o - 1 - n a p h t h o l ,
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t a u t o m e r i c  w i t h  1 , 2 - n a p h t h o q u i n o n e - 2 - o x i m e  and  a s m a l l  
a mo un t  o f  4 - n i t r o s o - 1 - n a p h t h o l ,  t a u t o m e r i c  w i t h  1 , 4 -  
n a p h t h o q u i n o n e  o x i m e .
0
HO NON
More  r e c e n t l y  i t  was f o u n d  t h a t  t r e a t m e n t  w i t h
s o d i u m  n i t r i t e  and 2 M - h y d r o c h l o r i c  a c i d  s o l u t i o n  i n
a c e t o n e  and w a t e r  as s o l v e n t  g i v e s  e x c l u s i v e l y  4 - n i t r o s o  
( 8 )1 - n a p h t h o l  . Wh e r e as  t r e a t m e n t  o f  1 - n a p h t h o l  w i t h  
s o d i u m  n i t r i t e  and a l u m i n i u m  s u l f a t e  i n  w a t e r  g i v e s  t h e  
o r t h o  and t h e  p a r a  i s o m e r s  i n  t h e  r a t i o  o f  31 ?o and 41%
( 9 )
r e s p e c t i v e l y
2 . 3 S u l f o n a t i o n
On t r e a t m e n t  o f  1 - n a p h t h o l  w i t h  an e q u a l  a moun t  
o f  s u l f u r i c  a c i d  a t  6 0 ° - 7 0 ° C  f o r  a s h o r t  t i m e  1 - n a p h t h o l -
2 - s u l p h o n i c  a c i d  and  some o f  t h e  1 - n a p h t h o l - 4 - s u l p h o n i c  
a c i d  a r e  f o r m e d .  These  a c i d s  a r e  a l s o  o b t a i n e d  i n  t h e  
p r e s e n c e  o f  HggSO^ w i t h  an e q u a l  a mo u n t  o f  s u l f u r i c  
a c i d  p l u s  h a l f  a mo u n t  o f  g l a c i a l  a c e t i c  a c i d ^ ^ ^ ^ .  On
f u r t h e r  s u l f o n a t i o n  t h e  d i s u l f o n i c  a c i d  a p p e a r s  i n s t e a d .
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H%sq CH^CDOH/4 5  55
U n d er  v a r i o u s  c o n d i t i o n s  1 - n a p h t h o l  r e a c t s  w i t h
( 1 1 )c h l o r o s u l f o n i c  a c i d  t o  y i e l d  m i x t u r e s  o f  b o t h  i s o m e r s
2 . 4 R e a c t i o n s  w i t h  A l c o h o l s
1 - n a p h t h o l  r e a c t s  w i t h  t r i p h e n y l  c a rb in o l i n
a c e t i c  a c i d  i n  t h e  p r e s e n c e  o f  c o n c e n t r a t e d  s u l f u r i c
a c i d  a t  18°C f o r  16 h o u r s  y i e l d i n g  4 - t r i p h e n y I m e t h y 1 -
( 1 2 )1 - n a p h t h o l  i n  44% y i e l d  . On b o i l i n g  w i t h  £ - d i m e t h y l
a m i n o b e n z y l  a l c o h o l  i n  d i l u t e  h y d r o c h l o r i c  a c i d  i t  g i v e s
( 1 3 )4 - (  £ -  d i m e t h y l a m i n o b e n z y l ) - 1 - n a p h t h o l
OH
me
me
H e a t i n g  1 - n a p h t h o l  w i t h  c y c l o h e x a n o l  and z i n c
c h l o r i d e  a t  15G- 17G° C g i v e s  2 -  and 4 - c y c l o h e x y 1 - 1 -
U4.U 1 ( 1 4 )  n a p h t h o l s
-  6 -
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2 . 5  R e a c t i o n s  w i t h  a l i p h a t i c  k ebo  c o m p ou n d s  and
d e r i v a t i v e s
Wa rm i ng  1 - n a p h t h o l  and a q u e o u s  f o r m a l d e h y d e  i n  
a l c o h o l  and  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  p r o b a b l y  f o r m s  
b i s - ( 4 - h y d r o x y - 1 - n a p h t h y  1 ) - m e t h a n e  w h i c h  a c c o r d i n g  t o
( 1 5 )
Zampar o  i s  s u b s e q u e n t l y  o x i d i s e d  by a i r  t o  a q u i n o n e
( 1 6 )m e t h i d e ,  b u t  a c c o r d i n g  t o  C a s t i g l i o n i  
b i s  ( 4 - h y d r o x y - 1 - n a p h t b y  1 ) c a r b i n o l .
OH 1
u
V - — >
LI
OH OH
t h e  p r o d u c t  i s
0
B o t h  c o mp ou n d s  a r e  d e s c r i b e d  as r e d  b r o w n  
p r o d u c t s  s o l u b l e  i n  a l k a l i  w i t h  a b l u e  c o l o u r .
I n  t h e  o l d e r  l i t e r a t u r e  t h e  p o s i t i o n  o f  t h e  
a t t a c k  on t h e  a r o m a t i c  n u c l e u s  was s o m e t i m e s  assumed
( 1 7 )
-  7 -
w i t h o u t  p r o o f .  F o r  i n s t a n c e ,  i t  was b e l i e v e d ' " ' '  t h a t
t r e a t m e n t  o f  1 - n a p h t h o l  w i t h  f o r m a l d e h y d e  and  p i p e r i d i n e
g i v e s  4 - p i p e r i d i n o m e t h y 1 - 1 - n a p h t h o l , b u t  i t  has  been
( 1 8 )
p r o v e d  l a t e r  on t h a t  t h e  p r o d u c t  f r o m  t h i s  r e a c t i o n
i s  t h e  o r t h o  i s o m e r .  T h i s  was done  by h y d r o g e n o l y s i s  t o
2 - m e t h y l - 1 - n a p h t h o l .
C H L O o r  
—V
Efc0 C H _ N O
T r e a t m e n t  o f  1 - n a p h t h o l  w i t h  N - b e n z y l i d e n a r i i l i n e
( 1 9 )i n  b e n z e n e  g i v e s  2 - (  o c - a n i1 i n o  b e n z y l ) - 1 - n a p h t h o l
4-
— ph
H . 
N — ph
W i t h  b e n z a l d e h y d e  and p i p e r i d i n e  o r  w i t h  p h e n y l -
d i p i p e r i d i n o - m e t h a n e , 2 - p i p e r i d i n o b e n z y 1 - 1 - n a p h t h o l  i s
f o r m e d ^ ^ ^ ^ .  T r e a t m e n t  o f  1 - n a p h t h o l  w i t h  a l a r g e  e x c e s s
o f  p a r a f o r m a l d e h y d e  and  s l i g h t  e x c e s s  o f  b e n z e n e b o r o n i c
a c i d  i n  r e f l u x i n g  b e n z e n e  i n  t h e  p r e s e n c e  o f  0 . 3  m o l e
e q u i v a l e n t  o f  p r o p i o n i c  a c i d  gav e  t h e  b o r o n a t e  e s t e r  i n
90% y i e l d  w h i c h  c o u l d  be c o n v e r t e d  v i a  an o x i d a t i o n  p r o c e s s
( 2 1 )t o  2 - h y d r  ox y m e t h y 1 - 1 - n a p h t h o  1
-  8 -
p h B ( O K y C H ^ ^ H
Q X ld l
CH OH
The r e g i o s e l e c t i V i t y o f  t h i s  r e a c t i o n  i s  a l m o s t  
c e r t a i n l y  due t o  f o r m a t i o n  o f  a c o m p l e x  as i s  shown 
b e l o w  w h i c h ;  by a s t e p w i s e  e l e c t r o p h i l i c  a r o m a t i c  s u b ­
s t i t u t i o n  o r  by a p e r i c y c l i c  r e a r r a n g e m e n t ,  g i v e s  t h e
o r t h o  s u b s t i t u t e d  n a p h t h o l  as i t s  c y c l i c  b o r o n a t e .
2 . 6  R e a c t i o n s  w i t h  c a r b o x y l i c  a c i d s  and t h e i r  d é r i v â t e s
R e a c t i o n s  w i t h  f o r m i c  a c i d  d é r i v â t e s  a r e  d i s c u s s e d  
i n  t h e  n e x t  s e c t i o n ,  page  15
T r e a t m e n t  o f  1 - n a p h t h o l  w i t h  a c e t y l  c h l o r i d e  i n  
t h e  p r e s e n c e  o f  z i n c  c h l o r i d e  i n  n i t r o  b e n z e n e  a t  room 
t e m p e r a t u r e  g a v e  a m i x t u r e  o f  t h e  2 - a c e t y l  and  t h e  4 -  
a c e t y l  d e r i v a t i v e s  i n  t h e  r a t i o  o f  ( 1 : 2 ) .  The t wo  i s o m e r s
i n t e r c o n v e r t  when h e a t e d  w i t h  z i n c  c h l o r i d e  i n  g l a c i a l
. .  , . ( 2 2 ) a c e t i c  a c i d
-  9  -
d
come
On t r e a t m e n t  w i t h  a c e t i c  a c i d  and b o r o n f l u o r i d e  
t h e  same i s o m e r s  w e r e  o b t a i n e d  i n  t h e  r a t i o  o f  ( 5 : 9 5 )  
r e s p e c t i v e l y .  B u t  w i t h  h i g h e r  a c i d s  s u c h  as p r o p i o n i c  
a c i d  and b o r o n  t r i f l u o r i d e  as c a t a l y s t  t h e  2 -ac (^?  -
23 Onn a p h t h o l  was o b t a i n e d  as t h e  m a j o r  i s o m e r
h e a t i n g  w i t h  m a l o n i c  a c i d  and a n h y d r o u s ^  t h e  l a c t o n e
o f  1 - h y d r o x y - 2 - n a p h t h o y l a c e t i c  a c i d  and 2 - a c e t y l - 1 -
,24n a p h t h o l  a r e  p r o d u c e d On h e a t i n g  w i t h  b e n z o y l
c h l o r i d e  and z i n c  c h l o r i d e  1 - n a p h t h o l  g i v e s  4 - b e n z o y l -  
25
1 - n a p h t h o l
o
2 . 7  R e a c t i o n s  w i t h  c a r b o n  d i o x i d e  and c a r b o n i c  a c i d
d e r i v a t i v e s
On h e a t i n g  s o d i u m  1 - n a p h t h o x i d e  and d r y  c a r b o n
2 6d i o x i d e  1 - h y d r o x y - 2 - n a p h t h o i c  a c i d  i s  f o r m e d  . The
same compound  i s  o b t a i n e d  by h e a t i n g  d r y  s o d i u m  n a p h t h o x i d e
-  10  -
w i t h  c a r b o n  d i o x i d e  a t  130°C u n d e r  p r e s s u r e  o r  by p a s s i n g  
c a r b o n  d i o x i d e  i n t o  a b o i l i n g  s o l u t i o n  o f  1 - n a p h t h o l  i n  
t o l u e n e  w h i c h  c o n t a i n s  s o d i u m .
œ o H
On b o i l i n g  1 - n a p h t h o l  w i t h  m e r c u r y  f u l m i n a t e  and
p o t a s s i u m  c y a n i d e  i n  a q u e o u s  a l c o h o l  1 - h y d r o x y - 2 - c y a n o -
( 2 7 )n a p h t h a l e n e  i s  f o r m e d
1 - n a p h t h o l  r e a c t s  w i t h  K^CS- ^ j S t  13G°C o r  
p o t a s s i u m  x a n t h a t e  and a l c o h o l ,  and p o t a s s i u m  n a p h t h o x i d e  
r e a c t s  w i t h  c a r b o n  d i s u l f i d e  on a w a t e r  b a t h ,  t o  y i e l d  
i n  e a c h  c a s e  1 - h y d r o x y - n a p h t h a l e n e - 2 - c a r b o d i t h i o i c
a c i d ' 2 8 ) .
KOCS^y4tcohd / heat cr 
C S j/K O H  or
— #94
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R e c e n t l y  i t  has  been  shown t h a t  r e a c t i o n  o f  
p h e n o l s  w i t h  c a r b o n  t e t r a c h l o r i d e  and s o d i u m  h y d r o x i d e  
c a t a l y s e d  by c o p p e r m e t a l ,  and i n v o l v i n g  t h e  C C l ^  i o n ,  
g i v e s  m i x t u r e s  o f  2 -  and 4 - h y d r o x y b e n z o i c  a c i d s .  The 
r e a c t i o n  can  be made t o  g i v e  t h e  p a r a  i s o m e r  a l m o s t
e x c l u s i v e l y  by a d d i n g  c e r t a i n  c y c l o d e x t r i n s ( 2 9 ) o r  by
a d j u s t i n g  t h e  c o n c e n t r a t i o n ,  and so t h e  v i s c o s i t y ,  o f
( 3 0 )t h e  s o d i u m  h y d r o x i d e  
has  n o t  been  r e p o r t e d .
T h i s  r e a c t i o n  o f  1 - n a p h t h o l
OH
I n  some o f  t h e  o l d e r  r e f e r e n c e s  g i v e n  a b o v e  t h e  
s t r u c t u r e  a s s i g n m e n t s  and t h e  r a t i o  o f  i s o m e r s  a r e  some­
t i m e s  n o t  c e r t a i n .  I t  i s  c l e a r  t h a t  t h e  s i t e  o f  a t t a c k  
by e l e c t r o p h i l e s  i s  v e r y  s e n s i t i v e  t o  c h a n g e s  i n  t h e  
r e a c t i o n  c o n d i t i o n s .  A t t a c k  s o m e t i m e s  h a p p e n s  o n l y  a t  
C-2  and  s o m e t i m e s  o n l y  a t  C- 4  and  t h e  r e a s o n s  f o r  t h i s  
a r e  n o t  c l e a r .
-  12  -
The o n l y  c a s e s  w h e r e  t h e r e  i s  a c l e a r  e x p l a n a t i o n  
f o r  s e l e c t i v i t y  a r e  t h o s e  w h e r e  an i n t r a m o l e c u l a r  m e c h a n i s m  
l e a d s  u n i q u e l y  t o  t h e  2 - s u b s t i t u t e d - 1 - n a p h t h o l  s u c h  a s :  . .  • 
t h o s e  on t h e  p r e v i o u s  p a g e .
-  13  -
3.  FORMYLATION OF 1-NAPHTHOL
The i n t r o d u c t i o n  o f  a f o r m y l  m o i e t y  o n t o  an 
a r o m a t i c  n u c l e u s  has  been  known f o r  a l o n g  t i m e  and t h e r e  
has  been  a s e r i e s  o f  d e v e l o p m e n t s  o f  f o r m y l a t i n g  
p r o c e d u r e s .
A l m o s t  a l l  o f  t h e s e  i n v o l v e  s u b s t i t u t i o n  by an
e l e c t r o p h i l e  r e a g e n t .  C a r b o n  m o n o x i d e ,  h y ^ o g e n ^ y a n i d e ,
/
c h l o r o f o r m ,  f o r m a m i d e s ,  f o r m a m i d i n e s  and o r t h o f o r m a t e s  
o r  t h i o f o r m a t e s  h av e  been  u sed  as t h e  s o u r c e  o f  t h e  f o r m y l  
g r o u p .  T h e r e  i s  no c l e a r  c o n t r o l  o v e r  t h e  s i t e  o f  a t t a c k  
and f o r m y l a t i o n  o f  a p h e n o l  can  o c c u r  o r t h o  o r  p a r a  
t o  t h e  h y d r o x y l  g r o u p .
The f o l l o w i n g  r e v i e w  i s  i n  r o u g h l y  h i s t o r i c a l  
o r d e r  and  c o n c e n t r a t e s  on m e t h o d s  t h a t  h a v e  been  u s e d  f o r  
f o r m y l a t i n g  p h e n o l s .
3 .1 G a t t e r m a n n  r e a c t i o n
On t r e a t i n g  b e n z e n e  and i t s  s u b s t i t u t i o n  p r o d u c t s
w i t h  c a r b o n  m o n o x i d e  and h y d r o g e n  c h l o r i d e  i n  t h e  p r e s e n c e
o f  a l u m i n i u m  c h l o r i d e  as c a t a l y s t  b e n z a l d e h y d e s  a r e  f o r m e d
( 3 1 )i n  l e s s  t h a n  40% y i e l d  . T h i s  p r o c e s s  has  been  
a l t e r e d  by G a t t e r m a n n  h i m s e l f  i n  1906 who f o u n d  t h a t  
c e r t a i n  t y p e s  o f  p h e n o l s  c o n d e n s e  w i t h  h y d r o g e n  c y a n i d e  
i n  t h e  p r e s e n c e  o f  z i n c  c h l o r i d e  t o  f o r m  an i n t e r m e d i a t e  
c o mpound  w h i c h  can  be h y d r o l y s e d  v e r y  e a s i l y  t o  f o r m  a 
h y d r o x y a l d e h y d e .
-  14  -
g ic iy  HCN /e h  e r.
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T h i s  p r o c e d u r e  has  been  e x t e n d e d  t o  mono and d i h y d r o -  
( 32 )n a p h t h a l e n e
3 . 2 Adams R e a c t i o n ( 3 3 )
T h i s  p r o c e d u r e  i s  a v e r s i o n  o f  t h e  G a t t e r m a n n  
r e a c t i o n  t o  make i t  more  c o n v e n i e n t  and  more  s a f e .  I t  uses z in c
c y a n i d e  and d r y  h y d r o g e n  c h l o r i d e  gas  i n  p l a c e  o f  t h e
h y d r o g e n  c y a n i d e  and z i n c  c h l o r i d e .  V e r y  s a t i s f a c t o r y  
y i e l d s  h a v e  been  o b t a i n e d  w i t h  r e s o r c i n o l ,  1 - n a p h t h o l ,
2 - n a p h t h o l ,  o r c i n o l  and p y r o g a l l o l  u n d e r  t h e s e  c o n d i t i o n s .
; -  Wcl I
—  CHO
The m e c h a n i s t i c  p a t h w a y  i n v o l v e s  t h e  p r o d u c t i o n  
o f  t h e  h y d r og e n  c y a n i d e  i n  t h e  r e a c t i o n  v e s s e l .  P r o t o n a t e d  
h y d r o g e n  c y a n i d e  i s  p r o b a b l y  t h e  a c t u a l  e l e c t r o p h i l e .
I n  t h e  c a s e  o f  1 - n a p h t h o l  a b o u t  7 5% o f  y i e l d  o f  t h e  4 -  
a l d e h y d e  i s  r e p o r t e d .  I n  c o n t r a s t  h e a t i n g  1 - n a p h t h o l  
w i t h  N , N - d i p h e n y 1 f o r m a m i d i n e  a t  95°C f o l l o w e d  by h y d r o ­
l y s i s  w i t h  s o d i u m  h y d r o x i d e  g i v e s  2 0 % o f  1 - h y d r o x y - 2 -
( 34 )
n a p h t h a l d e h y d e  a f t e r  s t ea m  d i s t i l l a t i o n
-  15  -
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CHO
3 . 3 R e i m e r  T i e m a n n  r e a c t i o n ( 3 5 )
On w a r m i n g  p h e n o l  w i t h  c h l o r o f o r m  i n  a l k a l i n e  
s o l u t i o n  t h e  h y d r o x y  a l d e h y d e  can  be p r o d u c e d  and t h e  
s u b s t i t u t i o n  o c c u r s  g e n e r a l l y  o r t h o  as w e l l  as p a r a  t o  
t h e  p h e n o l i c  h y d r o x y l .  The o r t h o / p a r a  r a t i o  a p p e a r s  t o  
d e p e n d  upon  t h e  s o l v e n t ,  t h e  h a l o f o r m  u s e d ,  and t h e  n a t u r e  
o f  t h e  c a t i o n .
The m e c h a n i s m  m i g h t  i n v o l v e  t h e  f o r m a t i o n  o f  an 
a l k y l a t e d  i n t e r m e d i a t e  w h i c h  can  be s t a b i l i z e d  w i t h  a 
p r o t o n  t r a n s f e r  p r o c e s s  as f o l l o w s .
C M c l ,  4 -  K O H :C cU  +  KOH +  HjC
0
1H
" 's C K )  If
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The i n t e r m e d i a t e  c a r b a n i o n s  may be i n  e q u i l i b r i u m  
w i t h  d i c h l o r o - c y c l o p r o p a n e s  w i t h  t h e  c h a r g e  on t h e  
o x y g e n .  The o p e n i n g  o f  t h e  c y c l o p r o p a n e  r i n g  o f  any  o f  
t h e  b i c y c l i c  s t r u c t u r e s  c o u l d  o n l y  g i v e  t h e  o r t h o  and 
p a r a  b u t  n o t  m e t a  o r i e n t a t i o n .
<3
1
The y i e l d  o f  a l d e h y d e  w i t h  1 - n a p h t h o l  i s  v e r y  l o w  p r o b a b l y  
b e c a u s e  t w o  m o l e s  o f  n a p h t h o l  r e a c t  w i t h  one m o l e  o f  
c h l o r o f o r m  as f o l l o w s ^
— Hcl
4 - C H c L  --------------------=>
-2N ad
M: M e t a l ;  N a , K ,   e t c .
3 . 4
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(37)V i ^ l s m e i e r  r e a c t i o n  
F o r m a m i d e s  s u c h  as N - m e t h y 1 f o r m a n i 1 i d e  r e a c t  w i t h  
p h o s p h o r u s  o x y c h l o r i d e  t o  p r o d u c e  an i o n  w h i c h  r e a c t s  
w i t h  n u c l e o p h i l i c  b e n z e n e s  t o  g i v e  b e n z a l d e h y d e s  a f t e r  
h y d r o l y s i s . 1 - N a p h t h o l ^ ^  and i t s  m e t h y l  e t h e r
a r e  r e p o r t e d  t o  g i v e  t h e  p a r a - a l d e h y d e s .
Cl
me
ph [{j  c
- N & — 0 - p - < W
ph—^ H2 + op(oH  ^+ cf
3. 5 D u f f  r e a c t i o n
T h i s  c o n s i s t s  o f  t h e  f o r m y l a t i o n  o f  an a r o m a t i c
n u c l e u s  v i a  a f a c i l e  b u t  c o m p l e x  p r o c e s s  e m p l o y i n g
h e x a m e t h y l e n e  t e t r a m i n e  ( H M T . )  and  a c i d s .  When h e x a -
m e t h y l e n e t e t r a m i n e  i s  u sed  w i t h  g l y c e r o b o r i c  a c i d  t o
c o n v e r t  h i g h l y  a c t i v a t e d  a r o m a t i c  c o mp ou n d s  t o  t h e i r
f o r m y l  d e r i v a t i v e s  t h e  r e a c t i o n  o c c u r s  s p e c i f i c a l l y  a t  t h e
p o s i t i o n  o r t h o  t o  t h e  p h e n o l i c  h y d r o x y l  g r o u p  i n  l o w  
( 3 R )y i e l d  . By t h e  use  o f  h e x a m e t h y l e n e t e t r a m i n e  i n
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( 3 9 )c o n j u n c t i o n  w i t h  t r i f l u o t a c e t i c  a c i d  ( s t r o n g e r  a c i d )
a v a r i e t y  o f  a r o m a t i c  c o mp ou n ds  i n c l u d i n g  s i m p l e  a r o m a t i c  
h y d r o c a r b o n s  c an  be f o r m y l a t e d .  The r e a c t i o n  i n v o l v e s  
t h e  f o r m a t i o n  o f  an i m i n e  w h i c h  i s  e a s i l y  h y d r o l y s e d  t o  
g i v e  t h e  c o r r e s p o n d i n g  a l d e h y d e s .  The r e a c t i o n  o c c u r s  
m a i n l y  a t  t h e  p a r a  p o s i t i o n .
H e x a m e t h y l e n e  t e t r a m i n e  m i g h t  be c o n s i d e r e d  t o  
be i n  e q u i l i b r i u m  w i t h  f o r m a l d e h y d e  and ammon i a  and 
t h e r e f o r e  w i t h  f o r m a l d i m i n i u m  i o n  w h i c h  can  a c t  as an 
e l e c t r o p h i l e  r e a c t i n g  w i t h  t h e  p h e n o l .
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A r e d o x  p r o c e s s  i n v o l v i n g  a s e c o n d  f o r m a l d i m i n e  
u n i t  l e a d s ,  p e r h a p s  as f o l l o w s ,  t o  an N - m e t h y  1 i m i n e  
w h i c h  i s  h y d r o l y s e d  on w o r k - u p .
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l e  . One u n i t  o f  CH^ = NH^ p r o v i d e s  t h e  a l d e h y d e  c a r b o n ,
One u n i t  o f  CH^ = NH^ o x i d i s e s  t h e  i n i t i a l  a d d u c t
and i s  r e d u c e d  t o  m e t h y l a m i n e . A s  an e x a m p l e ,
2 , 6 - x y l e n o l  g i v e s  9 5% o f  t h e  a l d e h y d e .  The
r e a c t i o n  o f  1 - n a p h t h o l  has  n o t  been i n v e s t i g a t e d .
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3 . 6 O r t h o f o r m a t e s
R e c e n t l y  a g r o u p  o f  f o r m y l a t i n g  a g e n t s  has  been  
d e v e l o p e d  w h i c h  use  t r i s u b s t i t u t e d  m e t h a n e s  as t h e  
f o r m y l  g r o u p  s o u r c e .  I n  t h e  p r e s e n c e  o f  L e w i s  a c i d s
- 20 -
t h e y  g i v e  r i s e  t o  e l e c t r o p h i l e s  w h i c h  r e a c t  w i t h  t h e
1 2a r o m a t i c  r i n g  e i t h e r  by an o r  p a t h w a y s .
^ ArCHX^^ArCHO
J . 6 . 1  Use o f  t r i e t h y l  o r t h o f o r m a t e
P h e n o l s  can  be c o n v e r t e d  i n t o  p h e n o l i c  a l d e ­
h y d e s  u s i n g  d i c h l o r o m e t h y 1 m e t h y l  e t h e r s  and t i t a n i u m  
c h l o r i d e  o r  by t h e  use  o f  t r i e t h y l  o r t h o f o r m a t e  and 
a l u m i n i u m  c h l o r i d e .
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The f o r m e r  p r o c e d u r e  w o r k s  w e l l  w i t h  m o n o h y d r o x y  
b e n z e n e s  and g i v e s  a m i x t u r e  o f  p a r a  and  o r t h o  r e g i o -  
s e l e c t i v i t y ;  w h e r e a s  t h e  l a t t e r  g i v e s  m a i n l y  t h e  p a r a  
i s o m e r .
When 1 - n a p h t h o l  i s  t r e a t e d  u n d e r  t h e  c o n d i t i o n s  
m e n t i o n e d  a b o v e  i t  g i v e s  b o t h  i s o m e r s  w i t h  t h e  f i r s t  
p r o c e d u r e  i n  y i e l d s  o f  1 0 % o r t h o  and 60% o f  t h e  p a r a  
o n e ;  b u t  u n d e r  t h e  s e c o n d  c o n d i t i o n s  m a i n l y  t h e  p a r a  
i s o m e r  i s  p r o d u c e d  and i s o l a t e d ,  as i t s  D N P , i n  97% y i e l d .
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3 . 6 . 2  The use  o f  2 - e t h ü x y - 1 , 3 - d i t h i o l a o e
R e c e n t l y  i t  was f o u n d  t h a t  2 - e t h o x y - 1 , 3 - d i t h i o -  
l a n e i n  d i c h l o r o  m e t h a n e  w i t h  L e w i s  a c i d  as c a t a l y s t  i s  
an e f f i c i e n t  a g e n t  f o r  t h e  i n t r o d u c t i o n  o f  t h e  1 , 3 - d i t h i o -  
l a n - 2 - y l  g r o u p  i n t o i ,  some p h e n o l s  and t h a t  t h e  r e s u l t i n g  
p r o t e c t e d  f o r m y l a t e d  p h e n o l s  a r e  e a s i l y  h y d r o l y s e d  t o  t h e  
c o r r e s p o n d i n g  a l d e h y d e .  T h i s  p r o c e s s  o f  f o r m y l a t i o n  
c o u l d  be e x t e n d e d  a l s o  t o  N, N- d i m e t h y 1 a n i 1 i ne and i n d o l e .
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I t  seems as i f  t h e  r e a c t i o n  p a t h  i n v o l v e s
c o - o r d i n a t i o n  o f  b o r o n  t r i f l u o r i d e  w i t h  2 - e t h o x y - 1 , 3 -
d i t h i o l a n e  t o  g i v e  t h e  1 , 3 - d i t h i o l a n - 2 - i u m  i o n  f o l l o w e d
by a s u b s e q u e n t  a t t a c k  on t h e  a r o m a t i c  r i n g .  2 - E t h o x y -
1 , 3 - d i t h i o l a n e  has  been  c h o s e n  as a s u i t a b l e  f o r m y l  c a t i o n
e q u i v a l e n t  b e c a u s e  i t s  s t a b i l i t y  t o  L ew i s  a c i d s  i s
more  t h a n  i t s  c o r r e s p o n d i n g  o x y g e n a t e d  a n a l o g s .  T h i s
r e a g e n t  can  be p r e p a r e d  e a s i l y  f r o m  1 , 2 - e t h a n e d i t h i o l
( 4 2 )and  t r i e t h y l  o r t h o f o r m a t e 2 - E t h o x y - 1 , 3 - d i t h i o l a n e
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can  a l s o  r e a c t  w i t h  t h e  f o l l o w i n g  n u c l e o p h i l e s ,  t o  i n t r o ­
d uc e  a p r o t e c t e d  f o r m y l  g r o u p ,
i .  e n o l  s i l y l  e t h e r s : - ^ ^ ^ ^
E n o l i z a b l e  a l d e h y d e s  o r  k e t o n e s  c a n  be c o n v e r t e d  
i n t o  h a l f  p r o t e c t e d  1 , 3 - d i c a r b o n y l  c om p o u n d s  by r e a c t i o n  
o f  t h e i r  e n o l  s i l y l  e t h e r s  ( 1 - a  1 k e n y 1 - s i 1 y 1 e t h e r s )  w i t h  
2 - e t h o X y - 1 , 3 - d i t h i o 1 a n e . T h i s  r e a c t i o n  can  p r o c e e d  v e r y  
s m o o t h l y  and  e f f i c i e n t l y  i n  t h e  p r e s e n c e  o f  z i n c  c h l o r i d e  
as c a t a l y s t ,  and t h e  f o r m a t i o n  o f  2 , 2 - [ 1 , 2 - e t h a n d i y 1 - b i s  
( t h i o ) ]  b i s - 1 , 3 - d i t h i o l a n e  as b y - p r o d u c t  can  be a v o i d e d  
i n  t h i s  r e a c t i o n ,  i n  c o n t r a s t  t o  t h e  use  o f  a l u m i n i u m  
c h l o r i d e ,  t i t a n i u m  IV c h l o r i d e  and b o r o n  t r i f l u o r i d e  
e t h e r a t e .
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( 44 )i i .  a l l y 1 - s i l a n e s
A l l y 1 - s i l a n e s  r e a c t  s p e c i f i c a l l y  w i t h  e l e c t r o -  
p h i l e s  w i t h  r e a r r a n g e m e n t  as t h e  c h a r t  s h o w s .
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They  r e a c t  w i t h  t h e  e t h o x y  d i t h i o l a n e  t o  
y i e l d  t h i o a c e t a l s  o f  b u t e n a l s  as shown i n  l o w  y i e l d
( 4 5 )i i i .  V i n y l  s i l a n e s
T r e a t m e n t  o f  v i n y l  s i l a n e s  w i t h  2 -
e t h o x y - 1 , 3 - d i t h i o l a n e  i n  t h e  p r e s e n c e  o f  L e w i s  a c i d  a l s o  
a f f o r d s  t h e  p r o t e c t e d  a l d e h y d e  i n  2 0 % y i e l d .
The m o s t  r e c e n t  e x a m p l e  o f  t h i s  k i n d  o f  f o r m y l a t i n g  
a g e n t  c o n s i s t s  i n  t h e  use  o f
3 . 6 . 3  T r i s  ( p h e n y l t h i o )  m e t h a n e ^ ^ ^ ^
T r e a t m e n t  o f  t h e  c a r b o c a t i o n i c  s p e c i e s  p r o d u c e d  
f r o m  t h e  r e a c t i o n  b e t w e e n  s o f t ,  t h i o p h i l i c  L e w i s  a c i d s  
( WeS"— - S f f l ) and  t r i s  [ p h e n y l t h i o ]  m e t h a n e  f o l l o w e d  by 
an e l e c t r o p h i 1 i c  a r o m a t i c  s u b s t i t u t i o n  g i v e s  t h e  a l d e h y d e  
as i s  shown i n  t h e  scheme b e l o w .
( P h S ) ;  CH + Me SS Me^  » ( P h S Ï ^  + CH A r - C H C S P h ) ^
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I n  t h e  c a s e  o f  1 - n a p h t h o l ,  A - f o r m y 1 - 1 - n a p h t h o l  i s  
a f f o r d e d  i n  t h e  70% y i e l d .
-  2 4  -
Gassmann R e a c t i o n ^
A l l  t h e  m e t h o d s  so f a r  i n v o l v e  an e l e c t r o p h i l i c  
r e a g e n t  w h i c h  can  f o r m y l a t e  t h e  p h e n o l  e i t h e r  o r t h o  o r  
p a r a  a l t h o u g h  t h e r e  was o f t e n  h i g h  s i t e  s e l e c t i v i t y .  
Gassmann i n  1974 r e p o r t e d  a m e t h o d  f o r  s e l e c t i v e  o r t h o  
f o r m y l a t i o n  o f  a n i l i n e s  a n d ^ ^ ^ \  l a t e r  o f  p h e n o l s ^ ^ ® ^  
w h i c h  u s e s  a d i t h i a n e  as t h e  f o r m y l  e q u i v a l e n t  and a p e r i -  
c y c l i c  r e a r r a n g e m e n t  t o  c o n t r o l  t h e  s i t e  o f  a t t a c k .  
T r e a t m e n t  o f  d i t h i a n e  w i t h  c h l o r i n e  o r  N - c h l o r o s u c c i n i m i d e  
g i v e s  t h e  s u l p h o n i u m  i o n s  shown w h i c h  can  r e a c t  w i t h  
p h e n o l s  i n  t h e  p r e s e n c e  o f  bas e  as f o l l o w s .
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R e a c t i o n  o f  t h e  i n i t i a l l y  f o r m e d  o x o s u l f o n i u m  
s a l t  w i t h  b a s e  l e a d s  t o  t h e  f o r m a t i o n  o f  an y l i d e  w h i c h  
u n d e r g o e s  a p e r i c y c l i c  r e a r r a n g e m e n t  t o  g i v e  t h e  c y c l o -  
h e x a d i e n o n e .  H y d r o g e n  t r a n s f e r  and r e a r o m a t i z a t i o n
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o f  t h e  r i n g  g i v e s  t h e  p r o t e c t e d  o r t h o a l d e h y d e  w h i c h  c o u l d  
be s u b j e c t e d  t o  t r e a t m e n t  w i t h  m e r c u r y  o x i d e ,  b o r o n  
t r i f l u o r i d e  e t h e r a t e ,  and s o d i u m  c a r b o n a t e  and  w a t e r  t o  
y i e l d  t h e  a l d e h y d e  i n  20 - 35% o v e r a l l  y i e l d .
The m o s t  r e c e n t  i t v i e w  on t h e  s y n t h e s i s  o f
a l d e h y d e s  i s  i n  H o u b e n - W e y 1 ^ \
4 . 1
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4 .  QUINONE METHIDES
Generalities
The name q u i n o n e  m e t h i d e  i s  d e r i v e d  f r o m  a 
s t r u c t u r a l  a n a l o g y  b e t w e e n  t h i s  c l a s s  o f  c o m p ou n d s  and 
t h e  q u i n o n e s .  I f  one o x y g e n  a t om o f  a q u i n o n e  i s  r e p l a c e d  
by a m e t h y l e n e  g r o u p ,  t h e  q u i n o n e  m e t h i d e  r e s u l t s .
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Such c omp ou n ds  h a v e  a l s o  been  c a l l e d  q u i n o m e t h a n e s  
and m e t h y l e n e  q u i n o n e s .  I f  b o t h  o x y g e n  a t o m s  o f  a 
q u i n o n e  a r e  r e p l a c e d  by m e t h y l e n e  g r o u p s  t h e  s o - c a l l e d  
q u i n o d i m e t h a n e s  r e s u l t .
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Q u i n o n e  m e t h i d e s  a r e  l i s t e d  as c y c l o h e x a d i e n o n e
d e r i v a t i v e s  i n  t h e  s u b j e c t  i n d e x  o f  t h e  C h e m i c a l  A b s t r a c t s .
The c h e m i s t r y  o f  q u i n o n e  m e t h i d e s  has  a t t r a c t e d
c o n s i d e r a b l e  a t t e n t i o n  i n  r e c e n t  y e a r s  b e c a u s e  o f  t h e i r
i n t r i g u i n g  c h e m i c a l  and p h y s i c a l  p r o p e r t i e s  and t h e r e  a r e
5 1 , 5 2t wo  r e c e n t  r e v i e w s
Due t o  t h e i r  v i n y l o g o u s  c a r b o n y l  s y s t e m s  t h e y  
b e h a v e  as a m b i f u n c t i o n a l  e l e c t r o p h i l i c  r e a g e n t s  i n  
a d d i t i o n  t o  t h e  u s u a l  e l e c t r o p h i l i c  r e a c t i v i t y  o f  t h e  
c a r b o n y l  g r o u p .
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The c o n j u g a t e d  c e n t r e s  C - 3 ,  C- 5  and C-7  can  
e n t e r  i n t o  a d d i t i o n  r e a c t i o n s  o f  M i c h a e l  t y p e .
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The LUMQ e n e r g y  o f  t h e  q u i n o n e  m e t h i d e  i s  l o w ,  
t h o u g h  n o t  as l o w  as t h a t  o f  a q u i n o n e .  A l s o  t h e  
c o e f f i c i e n t  o f  t h e  e x o - c a r b o n  a t om i n  t h i s  LUMO i s  p a r t ­
i c u l a r l y  h i g h ;  and  t h e  c h a r g e  d i s t r i b u t i o n  i n  t h e  q u i n o n e -  
m e t h i d e s  i s  s u c h  t h a t  C-7  has  t h e  h i g h e s t  p o s i t i v e  c h a r g e .  
F o r  b o t h  o f  t h e s e  r e a s o n s  n u c l e o p h i l e s  add a t  C - 7 ^ ^ .
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A l s o ,  t h e  HOMO e n e r g y  o f  t h e  q u i n o n e m e t h i d e s  i s  
h i g h e r  t h a n  t h a t  o f  t h e  q u i n o n e .  The h i g h e s t  c o e f f i c i e n t  
i n  HOMO i s  a t  t h e  o x y g e n  a t o m w h i c h  a l s o  has  a p a r t i a l  
n e g a t i v e  c h a r g e .  F o r  b o t h  o f  t h e s e  r e a s o n s  e 1 e c t r o p h i 1 es
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add a t  t h e  o x y g e n  a t o m .  O v e r a l l  t h e  a d d i t i o n  o c c u r s  
s t e p w i s e  i n  b o t h  c a s e s .  i . e .  a d d i t i o n  o f  t h e  e l e c t r o -  
p h i  l e s  p r e c e e d s  t h a t  o f  t h e  n u c l e o p h i l e  o r  v i c e - v e r s a ,  
b u t  i n  b o t h  c a s e s  t h e  r i n g  becomes  a r o m a t i c  i n  t h e  f i r s t  
s t e p  as shown i n  t h e  s c h e m e .  T h i s  r e a c t i v i t y  c a n  be 
e x p l a i n e d  on t h e  b a s i s  o f  t h e  c h a n g e  f r o m  t h e  i n i t i a l  
q u i n o n o i d  s t r u c t u r e  t o  t h e  more  b e n z e n o i d  s t r u c t u r e  o f  
t h e  t r a n s i t i o n  s t a t e  on t h e  end  p r o d u c t .
4 .  2 R e a c t i o n s
T h e r e  a r e  t wo  m a i n  t y p e s  o f  r e a c t i o n s  o f  q u i n o n e  
m e t h i d e s  b o t h  o f  w h i c h  l e a d  t o  f o r m a t i o n  o f  a r o m a t i c  
r i n g s  and  b o t h  o f  w h i c h  r e s u l t  f r o m  t h e  p o l a r i t y  and 
o r b i t a l  e n e r g i e s  d i s c u s s e d  a b o v e .  A d d i t i o n  o f  n u c l e o -  
p h i l e / e l e c t r o p h i l e  p a i r s  f o l l o w s  t h e  scheme a b o v e .
E x a m p l e s  a r e  known w h e r e  e i t h e r  t h e  p r o t o n  o r  t h e  n u c l e o ­
p h i l e  a dd s  f i r s t  ( s e e  b e l o w ) .  The s e c o n d  m a j o r  g r o u p  
o f  r e a c t i o n s  a r e  c y c l o a d d i t i o n s ,  u s u a l l y  o f  D i e l s  A l d e r  
t y p e ,  e i t h e r  d i m é r i s a t i o n s  o r  r e a c t i o n s  w i t h  o t h e r  a l k e n e s  
T h e r e  a r e  a l s o  some r e a c t i o n s  o f  o t h e r  t y p e s  s u c h  as 
p o l y m e r i s a t i o n ,  i s o m é r i s a t i o n  and  r a d i c a l  r e a c t i o n s .
4 . 2 . 1  A d d i t i o n  o f  a l c o h o l s
The r a t e  o f  a d d i t i o n  o f  a l c o h o l s  t o  q u i n o n e
m e t h i d e s  d e p e n d s  t o  a s u b s t a n t i a l  e x t e n t  on t h e  a c i d
( 54 )s t r e n g t h  o f  t h e  a l c o h o l  c o m p o n e n t  . The more  e a s i l y  
t h e  p r o t o n  i s  r e m o v e d ,  t h e  f a s t e r  i s  t h e  a d d i t i o n .
-  29  -
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T h i s  i m p l i e s  t h a t  i n  s u c h  c a s e s  a d d i t i o n  o f  t h e  p r o t o n  
t o  t h e  o x y g e n  o f  t h e  q u i n o n e m e t h i d e  i s  t h e  i m p o r t a n t  s t e p
4 . 2 . 2  A d d i t i o n  o f  HX and C-H a c i d i c  c o mp ou n ds
The same d e p e n d e n c e  on t h e  a c i d  s t r e n g t h  o f  a 
c o m p o n e n t  HX i s  f o u n d  w i t h  some o f  t h e  q u i n o n e - m e t h i d e s  
e a r r i n g  e l e c t r o n  d o n a t i n g  s u b s t i t u e n t s  ( Y :  NR2 , 0 R ) .
t -  Bu-
OH
t u -t
Y ' ^ X
When V i s  an e l e c t r o n  a c c e p t o r  s u c h  as (CN,  CO^H) ,  
t h e  q u i n o n e  m e t h i d e  r e a c t s  o n l y  w i t h  v e r y  s t r o n g  n u c l e o -  
p h i l e s ^ ^ ^ ^  as shown i n  scheme ( l o w e r  p a t h )  and t h e n  t h e  
e l e c t r o p h i l i c i t y  o f  t h e  o t h e r  end  o f  t h e  c o n j u g a t e d  s y s t e m  
d e t e r m i n e s  t h e  r e a c t i o n  r a t e .
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4 . 2 . 3  1 , 6 - A d d i  t  i o n
T h i s  a d d i t i o n  o c c u r s  w i t h  f o r m a t i o n  o f  t h e  p h e n o l i c  
s y s t e m  as e x e m p l i f i e d  b e l o w .
-
I I -
Ph" "Ph
The c o r r e s p o n d i n g  1 , 4 - n a p h t h o q u i n o n e  m e t h i d e
r e a c t s  a n a l o g o u s l y ,  b u t  m é t h y l m a g n é s i u m  b r o m i d e  r e a c t s
w i t h  t h e  9 , 1 0 - a n t h r a q u i n o n e  m e t h i d e  by 1 , 2 - a d d i t i o n  t o
( 5 6 )t h e  c a r b o n y l  g r o u p
meHO
q u i n o n e
m e t h i d e  can  be done  by t h e  r e a c t i o n  o f  l i t h i u m  a l u m i n i u m  
h y d r i d e  o r  s o d i u m  b o r o h y d r i d e ^ ^ .
m e
me
me
H
me
And i t  i s  a l s o  p o s s i b l e  t o  do s i m i l a r  r e d u c t i o n  w i t h  
a c i d i c  r e a g e n t s  s u c h  as z i n c  m e t a l  and a c e t i c  a c i d .
-  31 -
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4 . 2 . 4  A d d i t i o n  o f  t r i b u t y I p h o s p h i n e
R e a c t i o n  o f  t r i b u t y I p h o s p h i n e  and  q u i n o n e  m e t h i d e
a f f o r d s  a p h o s p h o n i u m  b e t a i n e  i n  good  y i e l d .  The l a t t e r
can  be i s o l a t e d  and  c a n  be t r a p p e d  by t h e  W i t t i g  r e a c t i o n
5 8w i t h  b e n z a l d e h y d e
H P B u ,
Bu t t u .
HC=PBu- HC=CHPh
+ 0=PBu
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4 . 2 . 5  C y c l o a d d i t i o n  r e a c t i o n s
T r a n s i t i o n  f r o m  t h e  q u i n o n o i d  t o  t h e  c o r r e s p o n d i n g  
b e n z e n o i d  s t r u c t u r e  can  be a c h i e v e d  p a r t i c u l a r l y  e a s i l y  
w i t h  o r t h o - q u i n o n o i d  s y s t e m s  by a bond  s h i f t  d u r i n g  t h e  
c o u r s e  o f  a D i e l s  A l d e r  r e a c t i o n  and t h i s  i s  t h e  d r i v i n g  
f o r c e  t o  t h e  g r e a t  t e n d e n c y  o f  o r t h o - q u i n o n e  m e t h i d e s
-  32 -
t o  d i m e r i z e .  D e h y d r a t i o n  o f  o r t h o h y d r o x y b e n z y l a l c o h o l s
g i v e s  t h e  o r t h o - q u i n o n e  m e t h i d e  w h i c h  can  u n d e r g o  a d d i t i o n
5 9o f  o l e f i n  y i e l d i n g  a f l a v a n  i f  t h e  o l e f i n  i s  s t y r e n e .
The same r e a c t i o n  o c c u r s  w i t h  o r t h o - n a p h t h o q u i n o n e  m e t h i d e  
o b t a i n e d  f r o m  b e n z y l a m i n e s .
CHN(Cl-%) ^
I n  a l l  c a s e s  t h e  o r t h o - q u i n o n e m e t h i d e  a c t s  as a h e t e r o -
d i e n e  c o m p o n e n t  and t h e  h i g h  r e g i o s p e c i f i c i t y  c o r r e s p o n d s
t o  p o l a r i z a t i o n  o f  t h e  m e t h i d e  i n  t h e  ma n ne r  shown as
60i l l u s t r a t e d  by a d d i t i o n  o f  v i n y l  e th e rs  
c i n n a m a t e ^ ^  .
o r  e t h y l
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The e x o - m e t h y l e n e  g r o u p  i n  a p a r a - q u i n o n e  m e t h i d e  
can  b e h a v e  as a d i e n o p h i l e .  T h i s  can  be e x e m p l i f i e d  by 
t h e  b e h a v i o u r  o f  2 , 6 - d i - t - b u t y l - p - b e n z o q u i n o n e  m e t h i d e  w i t h
s u b s t i t u t e d  b u t a d i e n e s 62
O
t -  Bu
c h
t
R
The m e t h y l e n e  g r o u p  u n d e r g o e s  c y c l o a d d i t i o n  i n  r e a c t i o n  
w i t h  d i a z o m e t h a n e  t o  g i v e  e v e n t u a l l y  s p i r o c y c l o p r o p y 1 
d e r i v a t i v e s  i n  v e r y  good  y i e l d  as shown f o r  a 7 - c h l o r o -  
m e t h i d e ^ ^ .
Bu-tt II
N ®
II
Ne
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I n  t h e  a b s e n c e  o f  a s u i t a b l e  a l k e n e  t h e  t e n d e n c y
o f  an o r t h o - q u i n o n e  m e t h i d e  t o  add t o  a h e t e r o d i e n e  s y s t e m
6 4l e a d s  t o  d i m e r i z a t i o n  , s u c h  as t h a t  shown f o r  o r t h o -  
n a p h t h o q u i n o n e ,  and  t r i m e r i z a t i o n  s u c h  as i n  t h e  c a s e  
o f  o r t h o - b e n z o q u i n o n e  m e t h i d e ^ ^ .  One m o l e c u l e  a c t s  as 
d i e n o p h i l e  and a n o t h e r  as h e t e r o d i e n e .
-  34  -
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T h e r m a l  c r a c k i n g  o f  t h e  d i m e r  can  be a good  way
o f  g e t t i n g  t h e  q u i n o n e m e t h i d e  monomer  f r e e  o f  i m p u r i t i e s
S e v e r a l  o t h e r  t y p e s  o f  r e a c t i o n s  can  h ap p e n  t o
q u i n o n e m e t h i d e s  w h i c h  l e a d  t o  a r o m a t i c  p r o d u c t s  s u c h  a s :
i .  S e l f  a d d i t i o n  o f  p a r a - q u i n o n e m e t h i d e s  l e a d s
54t o  p o l y m e r i c  1 , 6 - a d d u c t s
O
me
H HBr
me
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58i i .  I s o m e r ü p t i o n  o f  t h e  q u i n o n e  m e t h i d e  w h i c h  
i s  c a r r y i n g  a h y d r o g e n  a tom on t h e  c a r b o n  a tom a t t a c h e d  
t o  t h e  m e t h y l e n e  c a r b o n  a tom g i v e s  t h e  c o r r e s p o n d i n g  
p h e n o l  i n  t h e  p r e s e n c e o f  a l u m i n a  o r  NE t ^  o r  h e a t  o r  
Bu^P .
O OH
i i i .  R a d i c a l  r e a c t i o n ;  On e v a p o r a t i n g  a p u r e  
s o l u t i o n  o f  a q u i n o n e m e t h i d e  a d i m e r i c  d i r a d i c a l  m i g h t
be f o r m e d  w h i c h ^ v i a  a d i s p r o p o r t i o n a t i o n ,  g i v e s  a q u i n o n e
65
.O.
m e t h i d e  and  a p h e n o l
C D u p fm ^
4 H
4 . 2 . 6  S t a b i l i t y
I n  g e n e r a l  q u i n o n e  m e t h i d e s  a r e  n o t  s t a b l e  o w i n g  
t o  t h e  p r e s e n c e  o f  t h e  q u i n o n o i d  s y s t e m  w h i c h  f a v o u r s  
t hem t o  u n d e r g o  d i f f e r e n t  t y p e s  o f  r e a c t i o n s  as i l l u s t r a t e d
— 36  —
i n  t h e  p r e v i o u s  s e c t i o n .  The p a r e n t  q u i n o n e  m e t h i d e s  
shown b e l o w  h a v e  n e v e r  been  i s o l a t e d .
C H , CH;
T h e i r  r e a c t i v i t y  can  be d e c r e a s e d  e i t h e r  by  
a t t a c h i n g  a l k y l  s u b s t i t u e n t s  t o  t h e  p a r e n t  ( t h e  s t a b i l i t y  
i n c r e a s i n g  a c c o r d i n g  t o  t h e  b u l k  o f  t h e  s u b s t i t u e n t s )  
o r  by b u i l d i n g  up one o r  t wo  b e n z e n e  r i n g s  o n t o  t h e  r i n g  
d o u b l e  b o n d s  o r  by d e l o c a l i s a t i o n  i n v o l v i n g  s u b s t i t u e n t s  
w h i c h  a f f e c t s  t h e  p o l a r i t y  o f  t h e  compound  and makes i t  
more  s t a b l e .  These  e f f e c t s  a r e  i l l u s t r a t e d  by t h e  
f o l l o w i n g  e x a m p l e s  o f  q u i n o n e  m e t h i d e s  s t a b l e  as monomers  
i n  t h e  s o l i d  s t a t e  a t  room t e m p e r a t u r e .
CH
( 6 9 )( 6 8 )( 67 )R eferences(6 6 )
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4 . 3  P r e p a r a t i v e  M e t h o d s
Q u i n o n e  m e t h i d e s  a r e  u s u a l l y  p r e p a r e d  e i t h e r  f r o m  
t h e  c o r r e s p o n d i n g  p h e n o l s  o r  s u b s t i t u t e d  p h e n o l s  o r  
q u i n o n e s  as i l l u s t r a t e d  i n  t h e  scheme b e l o w .
HO \\ / / o
( 1)
Y
X ( 7)
- H X
c h / h®
HOHO o =
HO
(  6 )  f  %CHX
Scheme
—  3 8  —
A l t h o u g h  t h e  p o s s i b i l i t i e s  f o r  s y n t h e s i s  o f  
q u i n o n e  m e t h i d e s  f r o m  q u i n o n e s  i s  g r e a t l y  l i m i t e d  by t h e  
l o w  e l e c t r o p h i l i c i t y  o f  t h e  c a r b o n y l  c a r b o n  a tom o f  t h e  
q u i n o n e ,  ways  r o u n d  t h i s  p r o b l e m  w i l l  be d i s c u s s e d  l a t e r  
o n .  The d i f f e r e n t  s y n t h e t i c  r o u t e s  d e s c r i b e d  i n  t h e  
scheme f o r  p a r a - b e n z o q u i n o n e  m e t h i d e s  a r e  r e p r e s e n t a t i v e  
f o r  a l l  q u i n o n e  m e t h i d e s  and a r e  v a l i d  f o r  b o t h  p a r a  and 
o r t h o  q u i n o n o i d  s y s t e m s  i n  g e n e r a l .  T h u s ,  q u i n o n e  
m e t h i d e s  can  be p r e p a r e d  by an e l e c t r o p h i l i c  a r o m a t i c  
s u b s t i t u t i o n  o f  a p h e n o l  ( r o u t e  1 and r o u t e  6)  t o  make 
an i n t e r m e d i a t e  w h i c h  i s  s u b j e c t e d  t o  an e l i m i n a t i o n  
( s t e p  3 )  i n  t h e  f o r m e r  c a s e  o r  t o  a d e h y d r o g e n a t i o n  o r  
o x i d a t i o n  ( s t e p  4 )  i n  t h e  l a t t e r  c a s e  t o  g i v e  t h e  c o r r ­
e s p o n d i n g  q u i n o n e  m e t h i d e .  I n  b o t h  o f  t h e s e  c a s e s  t h e r e  
i s  a q u e s t i o n  a b o u t  t h e  r e g i o s e l e c t i v i t y , o r t h o  o r  p a r a ,  
o f  t h e  a r o m a t i c  s u b s t i t u t i o n .
Q u i n o n e  m e t h i d e s  can  a l s o  be p r e p a r e d  by an 
a d d i t i o n  o f  HR t o  t h e  c a r b o n y l  g r o u p  o f  an a r o m a t i c  
h y d r o x y - k e t o n e  r o u t e  ( 2 )  w h i c h  l e a d s  t o  t h e  same k i n d  
o f  i n t e r m e d i a t e  as i n  t h e  p r e v i o u s  r o u t e  ( 1 ) .  I n  t h i s  
c a s e  RH i s  o f t e n  p r o v i d e d  by t h e  m e t a l l a t e d  d e r i v a t i v e ,  
e . g . :  G r i g n a r d  r e a g e n t .
R e a c t i o n  o f  t y p e  ( 5 )  c o n s i s t s  i n  t h e  c o n v e r s i o n  
o f  an a r o m a t i c  h y d r o x y  a l d e h y d e  i n t o  a d e r i v a t i v e  s u c h  
as an a c e t a l  o r  t h i o a c e t a l  w h i c h  i s  s u b s e q u e n t l y  
o x i d i s e d  i n  s t e p  ( 4 ) .  I n  t h e s e  t wo  c a s e s  t h e  s t r u c t u r e  
o f  t h e  q u i n o n e  m e t h i d e  i s  d e t e r m i n e d  by t h e  s t r u c t u r e  o f  
t h e  s t a r t i n g  k e t o n e  o r  a l d e h y d e .
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The e l i m i n a t i o n  s t e p  ( 3 )  may o c c u r  i n  t wo  s t a g e s .
I f  Y i s  a good  l e a v i n g  g r o u p  t h e  i o n  ( 6 )  may be f o r m e d  
and l a t e r  d e p r o t o n a t e d  t o  g i v e  t h e  q u i n o n e  m e t h i d e .
The c a t i o n  i s  e a s i l y  r e g e n e r a t e d  by p r o t o n a t i n g  t h e  
q u i n o n e  m e t h i d e .
4 . 3 . 1  S y n t h e s i s  by E l e c t r o p h i l i c  a r o m a t i c  s u b s t i t u t i o n  
o f  p h e n o l s  and s u b s e q u e n t  e l i m i n a t i o n
C h l o r o m é t h y l a t i o n  o f  a p h e n o l  and s u b s e q u e n t  
e l i m i n a t i o n  o f  h y d r o g e n  c h l o r i d e  by t r i e t h y l a m i n e  a t  - 1 5 ° C  
l e a d s  t o  an o r a n g e  r e d  s o l u t i o n  o f  t h e  q u i n o n e  m e t h i d e .
I n  t h e  c a s e  o f  s i m p l e  p h e n o l s ,  t h e  r e s u l t i n g  q u i n o n e  m e t h i d e  
c a n n o t  be i s o l a t e d  s i n c e  d i m e r i z a t i o n  and o t h e r  r e a c t i o n s  
o c c u r  on c o n c e n t r a t i o n  o f  t h e  s o l u t i o n ^ ^ .  A l s o  t h e  
b a s e  u s ed  may add ( 1 , 6 )  t o  t h e  q u i n o n e  m e t h i d e  o r  c a u s e  
t a u t o m e r i s m  o f  t h e  q u i n o n e  m e t h i d e  t o  an a l k e n y l  p h e n o l .
The a l k y l  h a l i d e  can  a l s o  be p r e p a r e d  f r o m  t h e  a l c o h o l  
w i t h  h y d r o c h l o r i c  a c i d  gas  and t h e n  t r e a t m e n t  w i t h  t r i ­
e t h y l a m i n e ,  s o d i u m  a c e t a t e  o r  s o d i u m  b i c a r b o n a t e .
R
OH
R
EIN 
-  Hcl
CHcl
I n  t h e  f u c h s o n e  s e r i e s  a l k y l  h a l i d e s  can  a l s o  
be r e m o v e d  f r o m  a l k o x y b e n z y l  h a l i d e s  a t  e l e v a t e d
1 71t e m p e r a t u r e  f o r  e x a m p l e
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K e t o n e s  a r e ,  as a r u l e ,  t o o  f e e b l y  e l e c t r o p h i l i c  
t o  be a b l e  t o  a t t a c k  p h e n o l s .  H o w e v e r ,  n u m e r ou s  
q u i n o n e  m e t h i d e s ,  i n  p a r t i c u l a r  f u c h s o n e  d e r i v a t i v e s  
h av e  bee n  p r e p a r e d  by c o n d e n s i n g  k e t o n e  c h l o r i d e s  w i t h  
p h e n o l s  and  t h e n  e l i m i n a t i n g  w a t e r  f r o m  t h e  r e s u l t i n g  
a l c o h o l s  .
OH
H, 0
h /  \ c i
- H P
OH
O r t h o  q u i n o n e  m e t h i d e s  a r e  u s u a l l y  t o o  r e a c t i v e  
t o  be i s o l a t e d  f r o m  d e h y d r a t i o n  o f  o r t h o  h y d r o x y  b e n z y l  
a l c o h o l s .  H o w e v e r ,  o r t h o  n a p h t h o f u c h s o n e s  can  be made
o  Rh_ OH OH 1 ,ph
Ï  j
5 0 ^ c / o A c
E l e c t r o p h i l i c  aro m a ti c  s u b s t i t u t i o n  on phe n ol s
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w i t h  k e t o n e s  g e n e r a l l y  n ee d s  t o  be c a t a l y s e d  w i t h  L e w i s  
a c i d s
I n  some c a s e s  t h e  a r o m a t i c  s u b s t i t u t i o n  r e a c t i o n  
c o n d i t i o n s  l e a d  a l s o  t o  l o s s  o f  t h e  g r o u p  Y and f o r m a t i o n  
o f  an i s o l a b l e  c a t i o n  o f  t y p e  ( A )  ( s e e  s c h e m e ) .  T h i s  can  
l a t e r  be d e p r o t o n a t e d  by m i l d  base  t o  g i v e  a q u i n o n e  
m e t h i d e ^ ^ .
OHOH
R
OH
R R
C a t i o n s  o f  t y p e  (A) can  be made by a q u i t e  
d i f f e r e n t  m e t h o d  i f  t h e  s u b s t i t u e n t s  a r e  h e t e r o a t o m s
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A g a i n  d e p r o t o n a t i o n  g i v e s  a q u i n o n e  m e t h i d e
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R i n g  s u b s t i t u t i o n  o f  p h e n o l s  by r e s o n a n c e  -  
s t a b i l i z e d  c a r b é n i u m  i o n s  i s  v e r y  g e n e r a l l y  a p p l i c a b l e .  
F o r  i n s t a n c e ,  d i t h i o l a n i u m  s a l t s  r e a c t  w i t h  2 , 6 - d i - t -  
b u t y l  p h e n o l  t o  g i v e ,  a f t e r  s p o n t a n e o u s  l o s s  o f  m e t h a n e -  
t h i o l  i n  a good  y i e l d ,  t h e  v e r y  s t a b l e  q u i n o n e  m e t h i d e ^ ^
R
The p o l a r  s t r u c t u r e  o f  t h i s  r e s o n a n c e - s t a b i l i z e d  
p r o d u c t  i s  r e f l e c t e d  i n  t h e  d i p o l a r  r e s o n a n c e  s t r u c t u r e s  
( S c h e m e ) .  T h i s  we a ke n s  t h e  e l e c t r o p h i l i c i t y  o f  t h e  exo 
c a r b o n  a t o m ,  d e c r e a s i n g  i t s  r e a c t i v i t y ,  so t h a t  t h e  
q u i n o n e  m e t h i d e s  o f  t h i s  t y p e  a r e  s t a b l e  and can  be 
i s o l a t e d .
P h e n o x i d e s ^ ^  can  r e a c t  w i t h  c a r b o n  d i s u l p h i d e  
as e l e c t r o p h i l e s  by a s i m i l a r  a r o m a t i c  s u b s t i t u t i o n  
p r o c e s s  t o  p r o d u c e  p a r a h y d r o x y - d i t h i o b e n z o i c  a c i d s  w h i c h  
can  be a l k y l a t e d  by e . g . ;  1 , 2 - d i b r o m o e t h a n e  t o  g i v e  t h e
same t y p e  o f  q u i n o n e  m e t h i d e  as i l l u s t r a t e d
-  4 3  _
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O t h e r  q u i n o n e  m e t h i d e s  made by s u b s t i t u t i o n  by 
a s t a b l e  c a t i o n  p r o c e d u r e  i n c l u d e  t h e  f o l l o w i n g ^ ® ’ .
O
U -  ^
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I n  t h e  c a s e  o f  1 - n a p h t h o l  t h e  p a r a  i s o m e r  was 
i s o l a t e d  i n  h i g h  y i e l d .
-  4 4  -
4 . 3 . 2  S y n t h e s i s  by e l e c t r o p h i l i c  a r o m a t i c  s u b s t i t u t i o n  
o f  p h e n o l s  and s u b s e q u e n t  o x i d a t i o n
R e a c t i o n s  o f  mos t  2 , 6 - d i s u b s t i t u t e d  p h e n o l s  w i t h
t r o p y l i u m  s a l t s  g i v e s  t h e  c o r r e s p o n d i n g  a l k y l p h e n o l  as
i n t e r m e d i a t e  w h i c h  can  be t h e n  s u b s e q u e n t l y  d e h y d r o g e n a t e d
e i t h e r  by t h e  use  o f  an e x c e s s  o f  t h e  s a l t  o r  by i s o l a t i n g
t h e  p h e n o l  and t r e a t i n g  i t  w i t h  a t r i p h e n y l c a r b e n i u m
80 81s a l t  o r  o t h e r  o x i d i s i n g  r e a g e n t  s u ch  as s i l v e r  o x i d e  ’
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P h e n o l s  can  a l s o  be s u b s t i t u t e d  by u s i n g  a l d e ­
h y d e s  as t h e  e l e c t r o p h i l e , p a r t i c u l a r l y  i f  t h e  r e a c t i o n  
i s  c a t a l y s e d  by a L e w i s  a c i d .  F o r  i n s t a n c e  b e n z a u r i n  
can  be p r e p a r e d  by t h i s  p r o c e s s .
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As i t  i s  shown f r o m  t h i s  r e a c t i o n  ( s c h e m e ) ,  t h i s  
s y n t h e t i c  r o u t e  l e a d s  t o  t h e  f u c h s o n e  s e r i e s .
4 . 3 . 3  S y n t h e s i s  f r o m  a r o m a t i c  h y d r o x y  -  a l d e h y d e s  and 
k e t o n e s
P a r a - h y d r o x y " ' a l d e h y d e s  can  t h e m s e l v e s  e x i s t  i n  
a t a u t o m e r i c  e q u i l i b r i u m  w i t h  h y d r o x y  q u i n o n e  m e t h i d e s  
b u t  t h e  e q u i l i b r i u m  l i e s  t o  t h e  l e f t .
O
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Such a l d e h y d e s  u n d e r g o  a l d o l  c o n d e n s a t i o n  w i t h  
C-H a c i d i c  c o m p o n e n t s .
H
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The i n t e r a c t i o n  o f  a r o m a t i c  h y d r o x y  k e t o n e s  w i t h  
o r g a n o m e t a l l i c  comp ou n ds  p r o c e e d s  by t h e  same t y p e  o f  
c o n d e n s a t i o n ^ ^ .
L o s s  o f  w a t e r  f r o m  t h e  r e s u l t i n g  a l c o h o l  l e a d s  
t o  f u c h s o n e ^ ^ .
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4 . 3 , 4  S y n t h e s i s  f r o m  a r o m a t i c  h y d r o x y  a l d e h y d e s  by 
o x i d a t i o n  o f  t h e i r  d e r i v a t i v e s
A d d i t i o n  t o  t h e  a l d e h y d e  o f  g r o u p s  w h i c h  can
s t a b i l i s e  t h e  q u i n o n e  m e t h i d e  makes o x i d a t i o n  e a s i e r .
T h i s  s y n t h e s i s  i s  b a s e d  m a i n l y  on t h e  p u s h - p u l l  e f f e c t
8 3w h i c h  s t a b i l i z e s  t h e  q u i n o n e  m e t h i d e  . O x i d a t i o n  o f  
t h e  m e r c a p t a l  o f  t h e  a r o m a t i c  a l d e h y d e  by n i t r i c  a c i d  
o c c u r s  by way o f  t h e  n i t r a t e .
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F u r t h e r ,  p r e p a r a t i o n  o f  t h e  f u c h s o n e s  d e r i v a t i v e s  
and a n a l o g o u s  t r i p h e n y I m e t h a n e  dy es  p r o c e e d s  t h r o u g h  
d e r i v a t i v e s  o f  a r o m a t i c  h y d r o x y  a l d e h y d e s  t h a t  a r e  v e r y  
e a s i l y  o x i d i z e d ® ^ .
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4 . 3 . 5  S y n t h e s i s  by o x i d a t i o n  o f  a l k y l  p h e n o l s
A v a r i e t y  o f  o x i d i s i n g  a g e n t s  has  been  u sed  t o
Some o f  t h e s e  s u c h  as h e x a c y a n -  
o f e r r a t e  i o n " "  i n v o l v e  one e l e c t r o n  t r a n s f e r s  g i v i n g  
a r y l o x y l  r a d i c a l s  as i n t e r m e d i a t e s .
o x i d i s e  a l k y l  p h e n o l s .  
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S i m i l a r  o x i d a t i o n s  can  be e f f e c t e d  by v e r y  many
8 6 , 8 7  , ^ .
o t h e r  o x i d i z i n g  a g e n t s ,  i n c l u d i n g  s i l v e r  o x i  e 
o x i d e ® ® ’ ®^ and  c h l o r a n i l ^ ^  t h o u g h  h e r e  t h e  m e c h a n i s m s
a r e  n o t  c l e a r .
- A 8 -
To make f u c h s o n e s  a w i d e  v a r i e t y  o f  a g e n t s  can
be u s e d .  The b e s t  y i e l d s  ( - 9 0 % )  a r e  g i v e n  u s i n g  DOQ
i n  m e t h a n o l  o r  n i c k e l  p e r o x i d e  o r  manganese  d i o x i d e  
92
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S u l f u r - s t a b i l i z e d  q u i n o n e  m e t h i d e s  can be made i n  t h e
9 3same way i n  good  y i e l d s
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DDQ c a n ,  h o w e v e r ,  g i v e  r i s e  t o  o t h e r  t y p e s  o f  p r o d u c t 94
e . g
4 . 3 . 6  S y n t h e s i s  f r o m  q u i n o n e s
Ow i n g  t o  l o w  e l e c t r o p h i l i c i t y  o f  t h e  c a r b o n y l  
g r o u p  i n  t h e  q u i n o n e s ,  t h e  p o s s i b i l i t i e s  f o r  s y n t h e s i s  
o f  q u i n o n e  m e t h i d e s  f r o m  them a r e  g r e a t l y  l i m i t e d .
Even  t h e  c o n d e n s a t i o n  o f  C-H a c i d i c  c o m p o n e n t s
-  49 -
w h i c h  i s  o f t e n  u s e d  f o r  s y n t h e s i s  o f  m e t h y l e n e  g r o u p s
i n  o t h e r  s e r i e s  o f  c ompounds  r a r e l y  s u c c e e d s .  Howeve r
i n  s p e c i a l  c a s e s ,  s u c h  as p h e n a n t h r a q u i n o n e  and 1 , 2 -
a c e n a p h t h e n e q u i n o n e ,  r e a c t i o n  w i t h  m a l o n o d i n i t r i l e  g i v e s
95q u i n o n e m e t h i d e s  as i s  shown b e l o w
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CN
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S y n t h e s i s  o f  m e t h y l e n e  d e r i v a t i v e s  f r o m  c a r b o n y l
compounds  by  t h e  W i t t i g  r e a c t i o n  can be c a r r i e d  o u t  t o
96
g i v e  q u i n o n e  m e t h i d e s  f r o m  1 , 4 - n a p h t h o q u i n o n e
R e a c t i o n  b e t w e e n  t h e  c a r b o n y l  g r o u p  o f  q u i n o n e s  
and v e r y  r e a c t i v e  y n a m i n e s  a f f o r d s  q u i n o n e  m e t h i d e s .
F o r  i n s t a n c e ,  p a r a - b e n z o q u i n o n e  and N , N - d i e t h y 1 - 2 - p h e n y l -
—  50  —
e t h y n y l a m i n e  g i v e  t h e  c o r r e s p o n d i n g  q u i n o n e  m e t h i d e ,
whose f o r m a t i o n  i s  mos t  s i m p l y  f o r m u l a t e d  as o c c u r r i n g
t h r o u g h  t h e  f o u r  membered c y c l o a d d i t i o n  p r o d u c t  f o l l o w e d
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98A s i m i l a r  r e a c t i o n  o c c u r s  w i t h  k e t e n e s
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4 . 3 . 7  S y n t h e s i s  f r o m  Q u i n o n e  m e t h i d e s
T h e r e  a r e  a f ew e x a m p l e s  o f  s u b s t i t u t i o n  o f  an 
i n t a c t  q u i n o n e m e t h i d e ,  1 , 4 - N a p h t h o f u c h s o n e  can  be
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b r o m i n a t e d  i n  t h e  q u i n o n o i d  r i n g
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2 .  DISCUSSION
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The f o l l o w i n g  c o n t r a c t i o n s  have  been u s ed  t h r o u g h  
o u t  t h i s  s e c t i o n .
^  S i n g l e t
^  b r o a d
^  d o u b l e t
m m u l t i p l e t
mp m e l t i n g  p o i n t
i r  i n f r a  r e d
uV u l t r a  v i o l e t
Hnmr n u c l e a r  m a g n e t i c  r e s o n a n c e  
1 3 Cnmr n u c l e a r  m a g n e t i c  r e s o n a n c e  
t i c  t h i n  l a y e r  c h r o m a t o g r a p h y
l i t  l i t e r a t u r e
DMSO d i m e t h y l  s u l f o x i d e
THF T e t r a h y d r o f u r a n
PDC P y r i d i n i u m  d i c h r o m a t e
-  52  -
2.1 Introduction
I t  i s  known t h a t  t r e a t m e n t  o f  p h e n o l  w i t h  c a r b o n
d i s u l f i d e  as e l e c t r o p h i l e  i n  a l k a l i n e  s o l u t i o n  a f f o r d s
t h e  s a l t s  o f  d i t h i o a c i d s  and t h e i r  a l k y l a t i o n  l e a d s  t o
2 8k e t e n e  m e r c a p t a l s  . q
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I t  has  been  s t a t e d  t h a t  r e a c t i o n  w i t h  c a r b o n  
d i s u l p h i d e  i s  n o t  o n l y  t o  be e x p e c t e d  on t h e  r i n g ,  b u t  
a l s o  on t h e  o x y g e n  a t o m ,  b e c a u s e  t h e  p h e n o x i d e  i o n  i s  
d e l o c a l i s e d  and i s  an a m b i d e n t  n u c l e o p h i l e .  The x a n t h a t e  
e s t e r  r e s u l t i n g  f r o m  a t t a c k  a t  o x y g e n  m i g h t  be f o r m e d  
f i r s t  and  t h e n  r e a r r a n g e d  t o  t h e  more s t a b l e  d i t h i o c a r b -  
o x y l a t e .  W i t h  some p h e n o l s  more t h a n  one d i t h i o c a r b o -  
y l a t e  i s o m e r  i s  p o s s i b l e .  The o u t c o me  o f  t h e  r e a c t i o n  
m i g h t  a l s o  be d e p e n d e n t  on t h e  s o l v e n t ,  base  and t e m p e r a t u r e .
I t  has  been  r e p o r t e d  t h a t  t r e a t m e n t  o f  1 - n a p h t h o l  
w i t h  K^CS^ a t  130°C o r  p o t a s s i u m  x a n t h a t e  and a l c o h o l  
o r  t r e a t m e n t  o f  p o t a s s i u m  n a p h t h o x i d e  w i t h  c a r b o n  d i s u l ­
p h i d e  on a w a t e r  b a t h  g i v e s  i n  each  c a s e  1 - h y d r o x y n a p h t h a l e n e  
- 2 - c a r b o d i t h i o i c  a c i d .  Whereas  Gompper  i n  1965 s t a t e d  
t h a t  t r e a t m e n t  o f  1 - n a p h t h o l  w i t h  c a r b o n  b i s u l p h i d e  i n  
a l k a l i n e  s o l u t i o n  i n  DMSO gave  1 - h y d r o x y  n a p h t h a l e n e - 4 -  
c a r b o d i  t h i o i c  a c i d  which could be a l k y l a t e d  w i t h  dibromoethane 
t o  g i v e  t h e  s t a b l e  g u i n o n e  m e t h i d e  ( 2 ) as deep  o r a n g e
. HDH CS  ^DmSO
2 .
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c r y s t a l s  m e l t i n g  a t  177°C ( f r o m  m e t h a n o l )  i n  25% y i e l d ,  
uv s p e c t r a  has  been  r e p o r t e d  ( s e e  t a b l e  ) .  The a l t e r n a t i v e  
s t r u c t u r e  ( 3 )  f o r  t h i s  p r o d u c t  was n o t  c o n s i d e r e d .  The 
r e a c t i o n  p a t h  was t h o u g h t  t o  be as i l l u s t r a t e d  b e l o w .
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On t h e  p u r p o s e  t o  s t u d y  t h e  s p e c t r a l  p r o p e r t i e s  
o f  t h e  q u i n o n e m e t h i d e  ( 2 ) ,  t h i s  r e a c t i o n  was r e p e a t e d  
by K o u t e k  i n  1982 when he r e p o r t e d  each  o f  t h e  i r ,  ^Hnmr  
and t h e  d i p o l e m o m e n t  o f  t h e  p a r a  i s o m e r  a p p a r e n t l y  g o t  
by Gom pp e r s  p r o c e d u r e .
T h i s  r e a c t i o n  p r o v o k e d  o u r  i n t e r e s t  due t o  t h e  
f o l l o w i n g  m a t t e r s .
i .  The r e p o r t e d  p a r  a - r e g i o s e 1e c t i v i t y w h i c h  
s u g g e s t e d  t h a t  i t  w o u l d  be a s u i t a b l e  p r o c e d u r e  f o r  m a k i n g  
4 - m e t h y 1 - 1 - n a p h t h o  1 ( w h i c h  was needed  f o r  o t h e r  s y n t h e t i c  
p u r p o s e s )  v i a  R a n e y - n i c k e l  r e d u c t i o n  o f  t h e  q u i n o n e  
m e t h i d e  ( 2  ) .
i i .  The f o r m a t i o n  o f  1 - h y d r o x y - n a p h t h a l e n e - 2 -  
c a r b o d i t h i o i c  a c i d  w h i c h  was o b s e r v e d  by K^CS^ p r o c e d u r e  
( d i s c u s s e d  i n  s e c t i o n  2 . 7 ) .  Gompper  i n  1 96 5 ,  h o w e v e r ,  
r e p o r t e d  t h a t  t r e a t m e n t  o f  1 - n a p h t h o x i d e  w i t h  CS^ i n  
d i me  t h y I s u l p h o x i d e  g i v e s  e x c l u s i v e l y  t h e  1 - h y d r o x y -  
n a p h t h a l e n e - 4 - c a r b o - d i t h i o i c  a c i d  w h i c h  when t r e a t e d  w i t h  
d i b r o m o e t h a n e  g av e  p a r a - q u i n o n e  m e t h i d e  ( 2 ) as o r a n g e  
c r y s t a l s .  No s i g n  o f  t h e  o r t h o  i s o m e r  was m e n t i o n e d .
i i i .  The o r a n g e  c o l o u r  o f  t h e  compound  o b t a i n e d  
by Gompper  i s  i n  d i s a g r e e m e n t  w i t h  h i s  o b s e r v a t i o n  o f  
t h e  b e n z e n e  ( 4 )  and a n t h r a c e n e  ( 5 )  a n a l o g s  w h i c h  a r e
-  55  -
p a l e  y e l l o w  i n  c o l o u r .  T h e r e  i s  no r e a s o n  why t h e  
p a r a - n a p h t h a q u i n o n e  s h o u l d  a b s o r b  a t  l o n g e r  wave l e n g t h  
t h a n  e i t h e r  o f  t h e s e  a n a l o g s .
H a v i n g  s t a t e d  t h e s e  m a t t e r s  a d o u b t  has  a r i s e n  
r e g a r d i n g  t h e  r e g i o s e l e c t i v i t y . I t  was f e l t  t h a t  t h i s  
r e a c t i o n  n e e d s  t o  be r e i n v e s t i g a t e d .
2 . 2  A t t e m p t e d  p r e p a r a t i o n  o f  t h e  p a r a - q u i n o n e  m e t h i d e ( 2 )
I n  an a t t e m p t  t o  p r e p a r e  t h e  t i t l e  compound
s t a r t i n g  f r o m  1 - n a p h t h o l  G o m p p e r ' s  p r o c e d u r e  was r e p e a t e d  
2 8
as r e p o r t e d  . T i c  (20% E t O A c / P e t .  e t h e r )  i n d i c a t e d  
two m a i n  s p o t s  ( R f  0 . 2 5 ,  R f  0 . 2 0 )  s h o w i n g  as o r a n g e  and 
y e l l o w  r e s p e c t i v e l y  i n  t h e  d a y l i g h t ,  a l o n g  w i t h  t h e  
s t a r t i n g  m a t e r i a l  ( R f :  0 . 8 5 )  as a c o l o u r l e s s  s p o t  s h o w i n g  
u n d e r  t h e  uv l a m p .
The s t r u c t u r e  o f  t h e  two c o m p o n e n t s  we r e  i d e n t -  
i f i e d  f r o m  t h e  Hnmr s p e c t r u m  o f  t h e  m i x t u r e .  By s u b ­
t r a c t i n g  t h e  s e t  o f  s i g n a l s  c o r r e s p o n d i n g  t o  t h e  s t a r t i n g  
m a t e r i a l ,  t w o  d i f f e r e n t  s e t s  o f  s i g n a l s  a p p e a r e d .  From 
t h e  i n t e g r a l  c o m p a r i s o n ,  i t  was i m m e d i a t e l y  p o s s i b l e  t o  
i d e n t i f y  t h e  m a j o r  c o m p o n e n t  as t h e  o r t h o  i s o m e r .  Whe r eas  
t h e  m i n o r  c o m p o n e n t  was i d e n t i f i e d  as t h e  p a r a  i s o m e r  on 
t h e  b a s i s  o f  t h e  p r e s e n c e  o f  a w i d e l y  s e p a r a t e d  AS s y s t e m  
a t  S 6 . 4 5  (H.2) and 7 . 9 5  ( H3 )  w i t h  a c o u p l i n g  c o n s t a n t  
o f  t h e  o r d e r  o f  1 0 . 0  Hz.  C r y s t a l i s a t i o n  f r o m  m e t h a n o l  
y i e l d e d  o r a n g e  c r y s t a l s  m e l t i n g  a t  127°C i d e n t i f i e d  by 
t h e  e l e m e n t a l  a n a l y s i s  as a q u i n o n e  m e t h i d e .  I t s  uv 
d a t a  i n  m e t h a n o l  f i t  p r o p e r l y  w i t h  t h o s e  p r e v i o u s l y
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r e p o r t e d  by  G o m p p e r .  I t s  ^Hnmr ,  ” cnmr  d a t a  a r e  i n  
d i s a g r e e m e n t  w i t h  t h o s e  p r e v i o u s l y  r e p o r t e d  by K o u t e k .
T h e r e f o r e ,  t h e r e  i s  no d o u b t  f r o m  t h e  a n a l y s i s  
and uv t h a t  t h e  m a j o r  o r a n g e  p r o d u c t  i s  t h a t  i s o l a t e d  by 
Gompper  and  t h a t  h i s  m e l t i n g  p o i n t  ( 1 2 7 ° C )  i s  p r o b a b l y  
a m i s p r i n t .  T h e r e  i s  a l s o  no d o u b t  t h a t  t h i s  o r a n g e  
p r o d u c t  i s  t h e  o r t h o  q u i n o n e m e t h i d e  ( J )  f r o m  i t s  ^Hnmr 
s p e c t r u m  8  ( C D C l ^ )  8 . 4 0 ,  b d ,  1H ( H 8 ) ;  7 . 3 - 7 . 4  ,m,
3ArH ( H 5 ,  H6 , H7 ) ; 7 . 1 5 ,  d,  1H ( H 3 ) ;  6 . 7 0 ,  d ,  1H (H4 ) ,
3 . 5 8 ,  S,  4H ( CH 2 CH2 ) .  I t  has one l ow  f i e l d  p r o t o n  
( H8 ) and  t wo  a l k e n e  p r o t o n s  (H3 and H4) w i t h  s i m i l a r  
c h e m i c a l  s h i f t s  c o u p l e d  t o  one a n o t h e r .  A d o u b l e  
i r r a d i a t i o n  e x p e r i m e n t  p r o v e d  t h a t  H4 c o u p l e s  t o  a l l  o f  
H3,  H5 and  H8 w i t h  t h e  f o l l o w i n g  v a l u e s  o f  t h e  c o u p l i n g  
c o n s t a n t  r e s p e c t i v e l y .  ( J H ^ ,  9 . 5 0  H z . ,  JH4,  H5 0 . 3 5
H z . ,  J H4 ,  H8 0 . 7 5  H z . )  and H3 i s  c o u p l e d  t o  H7 ( 0 . 3 0  H z ) .
2.  3 S e p a r a t i o n  o f  r e a c t i o n  m i x t u r e  by c h r o m a t o g r a p h y
The m i x t u r e  o b t a i n e d  ( 1 . 5 g )  was c h r o m a t o g r a p h e d  
on a p r e p a r a t i v e  s i l i c a  g e l  c o l u m n  w i t h  c h l o r o f o r m  as 
e l u e n t .  1 - N a p h t h o l  ( 9 0 0  m g . )  was e l u t e d  f i r s t  f o l l o w e d  
by t h e  o r a n g e  q u i n o n e  m e t h i d e  ( ^ ) ( 3 2 0  m g . )  and t h e n
t h e  y e l l o w  q u i n o n e m e t h i d e  ( 2 0  mg ) .  The l a t t e r  f r a c t i o n
was p u r i f i e d  by  means o f  t i c  p l a t e s  t o  g i v e  a b o u t  15mg.  
o f  a p u r e  s a m p l e  o f  t h e  y e l l o w  c o m p o n e n t .  T h i s  c o u l d  
n o t  be c r y s t a l l i s e d ,  b u t  i t  was p o s s i b l e  t o
o b t a i n  a 100 MHz ^Hnmr  ( C D C I 3 ) w h i c h  showed  t h e  p r e s e n c e  
o f  a w i d e l y  s e p a r a t e d  AB syslem at  6.45 and 7.95 which cor responds
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t o  H2 and H3 respectively,coupled t o  one a n o t h e r  w i t h
a c o u p l i n g  c o n s t a n t  o f  1 0 . 0  Hz.  and two s u p e r p o s e d
b r o a d  m u l t i p l e t s  a t  l o w  f i e l d  ( £  8 . 3 5 ) w h i c h  mus t  be
H5 and H8 , p e r i  t o  t h e  c a r b o n y l  and exo m e t h y l e n e
g r o u p s  and  d e s h i e l d e d  b e c a u s e  o f  t h e  a n i s o t r o p y  o r  s t e r i c
1
c o n g e s t i o n .  T h i s  Hnmr d a t a  i s  c o m p a t i b l e  w i t h  t h e  
p r o p o s e d  s t r u c t u r e  o f  t h e  p a r a - q u i n o n e  m e t h i d e .  I t  was 
u n f o r t u n a t e  a f u l l  c o m p a r i s o n  o f  t h e  two  i s o m e r s  was n o t  
p o s s i b l e  s i n c e  t h e  y e l l o w  compound has n o t  been o b t a i n e d  
i n  s u f f i c i e n t  a m o u n t .
R e p e a t e d  a t t e m p t s  t o  a l t e r  t h e  o r t h o / p a r a  r a t i o  
by c h a n g i n g  t h e  r e a c t i o n  c o n d i t i o n s  s uc h  as t h e  r e a g e n t  
q u a n t i t i e s ,  t e m p e r a t u r e  and r e a g e n t  a d d i t i o n  p r o c e d u r e  
were  u n s u c c e s s f u l .
2 . 4  R e d u c t i o n  o f  t h e  o r a n g e  q u i n o n e  m e t h i d e  ( 3 )
I t  was t h o u g h t  t h a t  i t  w o u l d  be p o s s i b l e  t o  
c o n f i r m  t h e  s t r u c t u r e  o f  t h e  o r a n g e  q u i n o n e m e t h i d e  by 
c o n v e r t i n g  i t  t o  a m e t h y I n a p h t h o l  and c o m p a r i n g  i t  w i t h  
4 - m e t h y l - 1 - n a p h t h o l  , a s a mp l e  o f  w h i c h  was a v a i l a b l e
f o r  c o m p a r i s o n  .
R a n e y - n i c k e l  seemed t o  be a l i k e l y  r e d u c i n g  a g e n t  
t o  c o n v e r t  t h e  o r a n g e  q u i n o n e m e t h i d e  ( ^  t o  i t s  c o r r e s p o n d i n g
m e t h y l  n a p h t h o l .
D i r e c t  r e d u c t i o n  w i t h  washed R a n e y - n i c k e l  i n  
e t h a n o l  a t  r oom t e m p e r a t u r e  gave  a m i x t u r e  o f  a p h e n o l  
and t wo  o t h e r  c o m p o n e n t s .  ^Hnmr was u n a b l e  t o  i d e n t i f y  
t he m.  T h i s  r e a c t i o n  was n o t  c l e a n .
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An a l t e r n a t i v e  me t ho d  o f  r e d u c t i o n  o f  t h e  compound
(3 ) t o  t h e  c o r r e s p o n d i n g  p h e n o l  w i t h  s o d i u m  b o r o h y d r i d e
i n  THF met  w i t h  f a i l u r e  and no r e a c t i o n  o c c u r r e d  a t  a l l .
E v e n t u a l l y ,  i t  was f o u n d  t h a t  t r e a t m e n t  w i t h  an
e x c e s s  o f  l i t h i u m  a l u m i n i u m  h y d r i d e  r a p i d l y  c h a n g e d  t h e
o r a n g e  c o l o u r  o f  t h e  s o l u t i o n  i n t o  a p a l e  g r e e n  s o l u t i o n .
T i c  s h ow ed  no s t a r t i n g  m a t e r i a l  r e m a i n e d .  The r e a c t i o n
was t h e n  w o r k e d  u p ,  by f i l t e r i n g  o f f  t h e  l i t h i u m  a l u m i n i u m
h y d r i d e  and  d e s t r o y i n g  i t  w i t h  e t h a n o l  b e f o r e  d i s p o s a l .
The s o l u t i o n  was e v a p o r a t e d  t o  g i v e  a new p h e n o l  i n  9 5%
y i e l d  i d e n t i f i e d  as t h e  t h i o a c e t a l  ( 6 )  f r o m  i t s  ^Hnmr
( C D C l ^ )  w h i c h  shows  a new s i n g l e t  a t  ^  5 . 9 0  ( H ^ ) .  A
c han g e  a l s o  h a p p e n e d  a t  S  3 . 5 0  by w h i c h  t h e  s i n g l e t  due
t o  ( - C H ^ - C H ^ - )  i n  t h e  q u i n o n e  m e t h i d e  s t r u c t u r e  s p l i t
i n t o  a c o m p l e x  s y m m e t r i c a l  A A ' B B ' s y s t e m .  T h i s  c ha n g e
m i g h t  be due t o  h y d r o g e n  b o n d i n g  i n  (6«il w h i c h  r e s t r i c t s
t h e  f r e e  r o t a t i o n  a b o u t  t h e  exo b o n d ,  and a l s o  makes H^ and
( a n d  H g , H g )  d i f f e r e n t  f r o m  one a n o t h e r .  T h i s  was
p r o v e d  by t h e  i n f r a r e d  s p e c t r u m  w h i c h  shows t h a t  t h e
h y d r o x y l  g r o u p s  a r e  a l m o s t  a l l  h y d r o g e n  b on d e d  i n  s o l u t i o n
_ 1
i n  C C l ^  ( b r o a d  band  w i t h  max ima a t  3400 and 3300 cm and
no c h a n g e  o c c u r s  on d i l u t i o n .
F u r t h e r  t r e a t m e n t  o f  c o m p o u n d ( 6 )  w i t h  Raney 
n i c k e l  i n  m e t h a n o l  r e d u c e d  i t  c l e a n l y  t o  a m e t h y I n a p h t h o l .
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T i c  and Hnmr c o m p a r i s o n  w i t h  a u t h e n t i c  4 - m e t h y l - 1 -  
n a p h t h o l  s h ow e d  t hem t o  be d i f f e r e n t .  T h e r e f o r e , t h i s  
c o n f i r m s  t h a t  t h e  s t a r t i n g  m a t e r i a l  i s  c l e a r l y  n o t  t h e  
p a r a  i s o m e r .  The s p e c t r u m  o f  t h i s  new p h e n o l  s u g g e s t e d  
i t  m i g h t  be 2 - m e t h y 1 - 1 - n a p h t h o l  b u t  no s a mp l e  o f  t h i s  
was a v a i l a b l e  f o r  c o m p a r i s o n .  A l s o  i t  was c o n c l u d e d  
t h a t  p r e l i m i n a r y  t r e a t m e n t  o f  t h e  q u i n o n e  m e t h i d e  ( ^ ) 
w i t h  l i t h i u m  a l u m i n i u m  h y d r i d e  i n  THF a f f o r d e d  t h e  p h e n o l  
( 6 ) ,  w h i c h  c a n  be r e d u c e d  t o  2 - m e t h y l - 1 - n a p h t h o l  i n  an 
e x c e l l e n t  o v e r a l l  y i e l d  w i t h o u t  i s o l a t i n g  t h e  i n t e r m e d i a t e
2 . 5  P r e p a r a t i o n  o f  2 - m e t h y 1 - 1 - n a p h t h o l
An a t t e m p t  was made t o  h y d r o g e n o l y se 2 - p i p e r i d i n o -
m e t h y 1 - 1 - n a p h t h o l  ( 7 )  ( w h i c h  was p r e p a r e d  w i t h  s u c c e s s
i n  a g ood  y i e l d  by t r e a t i n g  1 - n a p h t h o l  w i t h  40% f o r m a l d e -
1 8
hyde i n  7 5 % m e t h a n o l  and p i p e r i d i n e  a t  room t e m p e r a t u r e  ) 
w i t h  2 0 % p a l l a d i u m  c h a r c o a l  i n  a n h y d r o u s  m e t h a n o l ,  b u t  
t h e r e  was no u p t a k e  o f  h y d r o g e n ,  even  on a d d i n g  a f ew 
d r o p s  o f  g l a c i a l  a c e t i c  a c i d  t o  c a t a l y s e  t h e  r e a c t i o n ,  
they had b rough t  a b o u t  t h i s  h y d r o g e n o l y s i s  o v e r  c o p p e r  
c h r o m i t e  u n d e r  p r e s s u r e  and o t h e r  a m i n o - m e t h y l - n a p h t h o l s  
had been  h y d r o g e n o l y s e d  w i t h  Pd/C a t  1 a tm.
O C Œ t
j c o c o a  .
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An a l t e r n a t i v e  r o u t e  t o  t h e  p h e n o l  ( 6 ) w h i c h  
i n v o l v e s  t h e  r e d u c t i o n  o f  1 - h y d r o x y - 2 - n a p h t h o i c  a c i d  ( 8 ) 
i n  t h e  f o r m  o f  i t s  d o u b l e  e t h o x y  -  c a r b o n y l  d e r i v a t i v e  
( 9 ) ^ ° °  was f o u n d  i n  t h e  l i t e r a t u r e .  F o l l o w i n g  t h i s  
p r o c e d u r e  t h e  a c i d  was t r e a t e d  w i t h  e t h y l  c h l o r o f o r m a t e  
and t h e n  e x c e s s  s o d i u m  b o r o h y d r i d e  y i e l d e d  t h e  p h e n o l  
^  j w h o s e  s t r u c t u r e  was c o n f i r m e d  by ^Hnmr i n  c h l o r o f o r m ,  
i n  a y i e l d  o f  5 5% ( l i t .  6 2 . 2 % ) .  T i c  p l a t e  and nmr 
c o m p a r i s o n  o f  t h e  p h e n o l  o b t a i n e d  t h i s  way and t h e  
m a t e r i a l  o b t a i n e d  f r o m  t h e  r e d u c t i o n  o f  compound ( g ) 
showed t he m t o  be i d e n t i c a l ,  c o n f i r m i n g  t h e  o r a n g e  
q u i n o n e  m e t h i d e  has  t h e  o r t h o  s t r u c t u r e  (J  )•
R e g a r d i n g  t h e  p r e v i o u s  c o m p a r i s o n ,  t h e r e  i s  a 
c o n f u s i o n ,  i n  t h e  l i t e r a t u r e ,  c o n c e r n i n g  t h e  a s s i g n m e n t  
o f  t h e  s i t e  o f  t h e  a t t a c k  i n  t h e  r e a c t i o n  o f  1 - n a p h t h o l  
w i t h  c a r b o n d i s u l p h i de . I t  was c l e a r  t h a t  Gompper  
o b t a i n e d  t h e  o r t h o  i s o m e r ,  w h e r e a s  he t h o o u g h t  he o b t a i n e d  
t he  p a r a - i s o m e r .  T h i s  e r r o r  m i g h t  have  been due t o  t h e  
l i m i t e d  a v a i l a b i l i t y  o f  Hnmr w h i c h  i s  i n d i s p e n s i b l e .
The p r e f e r e n c e  f o r  o r t h o  a t t a c k  i n  DMSO i s  i n  l i n e  w i t h  
t h e  o l d  l i t e r a t u r e  w o r k  i n  o t h e r  s o l v e n t s  and w i t h  t h e  
o r t h o  a t t a c k  by c a r b o n  d i o x i d e .
6 . A p p r o a c h e s  t o  t h e  p a r a - q u i n o n e m e t h i d e —v i a — —
h y d r o x y  - 1 - n a p h t h a l d e h y d e
The p a r a  i s o m e r  was p r e s e n t  i n  s m a l l  a m o u n t s  b u t  
I had n o t  b e e n a b l e  t o  o b t a i n  i t  pure*,  i t  was t h e r e f o r e  
d e c i d e d ,  t o  i n v e s t i g a t e  an u n a m b i g u o u s  s y n t h e t i c  r o u t e  t o  
t h e  p a r a  i s o m e r  by means o f  d e h y d r o g e n a t i o n  o f  t h e
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p h e n o l ^  ( 1 0  o r  1 1 ) w h i c h  m i g h t  be o b t a i n e d  by t h e  
f o r m a t i o n  o f  1 , 2 - d i t h i o l a n g r i n g s  f r o m 4 - h y d r o x y - 1 -  
n a p h t h a l d e h y d e  ( 1 2 ) o r  1 - m e t h o x y - 4 - n a p h t h a l d e h y de ( 1 3 )
( s ee  scheme a b o v e ) .
I n  o r d e r  t o  c a r r y  o u t  t h i s  i n v e s t i g a t i o n  i n  a 
s y s t e m a t i c  m a n n e r ,  i t  was n e c e s s a r y  t o  p r e p a r e  4 -  
h y d r o x y - 1 - n a p h t h a l d e h y d e  w h i c h  w o u l d  t h e n  be s u b j e c t e d  
t o  t r e a t m e n t  w i t h  e t h a n e  d i t h i o l  i n  c h l o r o f o r m j t h e  m e t h o x y  
a l d e h y d e  i s  c o m m e r c i a l l y  a v a i l a b l e  b u t  e x p e n s i v e .
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4 -  M e t h o x y - 1 - n a p h t h a l d e h v d e d 3) and i t s  d i t h i o  
a c e t a l  ( 1 1 ) "
1 - M e t h o x y n a p h t h a l e n e ( n 3 ) w a s  p r e p a r e d  f r o m  1 - n a p h t h o l  
u s i n g  d i m e t h y l  s u l p h a t e  and f o r m y l a t e d  u s i n g  N - m e t h y 1 f o r m a n  
i l i d e  and  p h o s p h o r u s  o x y c h l o r i d e ^ ^ \  F r a c t i o n a l  
d i s t i l l a t i o n  s e p a r a t e d  u n r e a c t e d  m e t h o x y n a p h t a l e n e  f r o m  
t he  a l d e h y d e ,  w h i c h  was o b t a i n e d  i n  m o d e r a t e  y i e l d .  
T r e a t m e n t  o f  t h e  a l d e h y d e  w i t h  e t h a n e d i t h i o l  and b o r o n  
f l u o r i d e  e t h e r a t e  i n  c h l o r o f o r m  a t  room t e m p e r a t u r e  gave  
t he  d i t h i o a c e t a l  c l e a n l y  whose s t r u c t u r e  was p r o v e d  by
Hnmr ( C D C l ^ ) .  An a t t e m p t  was made t o  o x i d i s e  t h e
compound ( 1 1 ) u s i n g  t r i p h e n y l  c a r b i n o l  and h y d r o g e n  
b r o m i d e  i n  a c e t i c  a c i d .  I t  was hoped  t h a t  t h e  t r i p h e n y l -  
m e t h y l  c a t i o n  w o u l d  c a p t u r e  h y d r i d e  i o n  and t h a t  t h e  
b r o m i d e  i o n  w o u l d  r emov e  t h e  m e t h y l  g r o u p .  U n f o r t u n a t e l y
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t h e  p r o d u c t  was a c o m p l e x  m i x t u r e  i n  w h i c h  no y e l l o w  s p o t  
o f  t h e  c o r r e c t  R f  f o r  t h e  p a r a  q u i n o n e  m e t h i d e  c o u l d  be 
d e t e c t e d  and  t h i s  a p p r o a c h  was a ba n d o n e d .
Some c o m p o n e n t s  i n  t h e  V i l s m e i r  r e a c t i o n ,  p e r h b p s  
t h e  m e t h o x y n a p h t h a l e n e ,  c a us e d  a s e v e r e  s k i n  i r r i t a t i o n  
w h i c h  t o o k  s e v e r a l  weeks  t o  c l e a r  and t h i s  a l s o  f o r c e d  
a c h a n g e  o f  a p p r o a c h .
A t t e m p t e d  f o r m y l a t i o n  o f  1 - n a p h t h o l  u s i n g  e t h y l  o r t h o f o r m a t e
I t  i s  r e p o r t e d  t h a t  t h i s  g i v e s  t h e  4 - a l d e h y d e  i n  
40good  y i e l d  . S e v e r a l  a t t e m p t s  t o  r e p e a t  t h i s  r e a c t i o n  
u s i n g  d i f f e r e n t  b a t c h e s  o f  a l u m i n i u m  c h l o r i d e  l e a d  e i t h e r  
t o  v e r y  l o w  c o n v e r s i o n  o r  t o  c o m p l e x  m i x t u r e s  c o n t a i n i n g  
some o f  t h e  r e q u i r e d  a l d e h y d e .  When t i t a n i u m  t e t r a ­
c h l o r i d e  was u s e d  as c a t a l y s t  t h e  r e a c t i o n  was much s l o w e r  
and s t i l l  c o m p l e x .  W h i l e  s i m p l e ,  s a f e  and c hea p  t h i s  
l i t e r a t u r e  m e t h o d  seems t o  r e q u i r e  p r e c i s e  c o n d i t i o n s  
w h i c h  I  was u n a b l e  t o  r e p e a t .
A t t e m p t e d  f o r m y l a t i o n  o f  1 - n a p h t h o l  by t h e  use  o f  
h e x a m e t h y l e n e t e t r a m i n e  i n  t r i f l u o r o a c e t i c  a c i d
I t  had  been  r e p o r t e d  t h a t  a v a r i e t y  o f  a r o m a t i c  
c o m p o u n d s  h a v e  been  c o n v e r t e d  i n t o  a l d e h y d e s  r e g i o -  
s e l e c t i v e l y  v i a  a f a c i l e  f o r m y l a t i o n  p r o c e s s  e m p l o y i n g  
h e X a m e t h y 1 e n e - 1 e t r a m i ne i n  c o n j u n c t i o n  w i t h  t r i f l u o r o ­
a c e t i c  a c i d ^ ^ .  F o r  i n s t a n c e ,  i n  t h e  c a s e  o f  t o l u e n e  
a r a t i o  o f  50% t o  1 1 % o f  p a r a  and o r t h o t o l u a l d e h y d e  was 
o b t a i n e d .
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The m e c h a n i s m  has  been a l r e a d y  d i s c u s s e d  i n  t h e  i n t r o ­
d u c t i o n .
T h e r e  a r e  no r e p o r t s  o f  t h i s  r e a c t i o n  b e i n g  
a p p l i e d  t o  1 - n a p h t h o l  so t h i s  was t r i e d .
1 - n a p h t h o l  ( 1 . 4 g )  was t r e a t e d  u n d e r  t h e  l i t e r ­
a t u r e  c o n d i t i o n s  and t h e  b u l k  o f  t h e  s o l v e n t  was r e c o v e r e d  
by d i s t i l l a t i o n  and t h e  r e s i d u e  d i l u t e d  w i t h  w a t e r  and 
n e u t r a l i s e d  w i t h  s o d i u m  c a r b o n a t e .  The a qu e o u s  l a y e r  
was w a s h e d  w i t h  e t h e r .  T i c  o f  t h e  e t h e r  l a y e r  showed 
s e v e r a l  c o m p o n e n t s  ( R f  0 . 2 5 ,  R f  0 . 3 5 ,  R f  0 . 6 0 )  a l o n g  w i t h  
t h e  s t a r t i n g  m a t e r i a l .
The e t h e r  l a y e r  d e p o s i t e d  a y e l l o w  s o l i d  on 
s t a n d i n g  o v e r n i g h t  a t  room t e m p e r a t u r e .  I t  was f i l t e r e d  
o f f  and  d r i e d  t o  g i v e  0 . 8 5 g  o f  a new compound t h o u g h t  t o  
be an i m i n e  m . p . ,  2 2 8 - 2 2 9 . 9°C f r o m  e t h y l  a c e t a t e / l i g h t  
p e t r o l e u m  ( 6 0 - 8 0 ° C ) .  E l e m e n t a l  a n a l y s i s  r e s u l t s  
i n d i c a t e d  t h a t  i t  was p u r e  and f i t s  f o r  t h e  f o r m u l a
I t s  ^Hnmr i n  c h l o r o f o r m  showed 5 9 . 9 0 ,  s . s i  
CHO; 9 . 1 5 ,  b . d . . ,  H8 ; 8 . 4 9  b . d . ,  H5;  7 . 4 8 ,  5.  H3;  7 . 5 0 -  
7 . 8 0 ,  m, H6 , H7 and N=CH; 7 . 9 ,  b . s . ,  OH; 3 . 4 0 ,  S . ,  Me.
The l a s t  c h e m i c a l  s h i f t  c o r r e s p o n d s  t o  t h e  c h e m i c a l  s h i f t  
o f  a m e t h y l  g r o u p  a t t a c h e d  t o  a n i t r o g e n  a t o m .  T h i s
s u g g e s t s  an N - m e t h y l a l d i m i r i e  g r o u p .
The a b s e n c e  o f  H2 and t h e  p r e s e n c e  o f  two  dow n -
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f i e l d  p r o t o n s  s u g g e s t s  t h a t  p o s i t i o n s  2 and 4 o f  t h e  
pheno l  r i n g  a r e  o c c u p i e d .  H3 was a f a i r l y  s h a r p  s i n g l e t  
T h i s ' p r o d u c t  m u s t  t h e r e f o r e  be ( 1 4 )  o r  ( 1 5 ) .
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T h i s  a s s i g n m e n t  was s u p p o r t e d  l a t e r  on by t h e  
s p e c t r u m  ( s e e  t a b l e ) .  To c o n f i r m  t h i s  s t r u c t u r e  
d e l i b e r a t e  a c i d  h y d r o l y s i s  o f  t h e  o r a n g e  c r y s t a l s  y i e l d e d  
a d i a l d e h y d e  ( 1 7 ) .  T h i s  same a l d e h y d e  was o b t a i n e d  f r o m  
the  o r i g i n a l  r e a c t i o n  by a c i d i f y i n g  t h e  s o d i u m  c a r b o n a t e  
l a y e r  w i t h  2M h y d r o c h l o r i c  a c i d  and e x t r a c t i o n  w i t h  
e t h y l  a c e t a t e .  C o n c e n t r a t i o n  gave  a y e l l o w  s o l i d  ( 3 5 0  
mg ) whose  H nmr  s howed  i t  t o  be a m i x t u r e .  C r y s t a l ­
i s a t i o n  g a v e  t h e  d i a l d e h y d e  mp 1 51° C.  The p o s i t i o n s
1
o f  t h e  t w o  a l d e h y d e  g r o u p s  we r e  c l e a r  f r o m  i t s  Hnmr 
s p e c t r u m  a t  S 1 0 . 1 3  and 9 . 9 8 ,  two s h a r p  s i n g l e t s  ( 2  x 
CHO); 9 . 2 ,  d ,  H5;  8 . 4 5 ,  d ,  H8 { 7 . 9 8 ,  s . s ,  H3;  7 . 8 2 ,  
d . t . ,  and  7 . 6 ,  d . t . ,  H6 and H 7 .
By s u b t r a c t i n g  t h i s  s p e c t r u m  f r o m  t h a t  o f  t h e  
above m i x t u r e  i t  was p o s s i b l e  t o  show t h a t  t h e  m i x t u r e  
had c o n t a i n e d  an o t h e r  a l d e h y d e  w h i c h  has  no u p - f i e l d  
p r o t o n  ( H 2 )  and  w h i c h  p r e s u m a b l y  was t h e  o r t h o a l d e h y d e  ( 1 6 )  
The D u f f  r e a c t i o n  u n d e r  t h e  c o n d i t i o n s  used  
seems t h e r e f o r e  t o  g i v e  m a i n l y  2 , 4 - d i s u b s t i t u t i o n  i n
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t he  c a s e  o f  t h e  s t r o n g l y  e l e c t r o n  r i c h  1 - n a p h t h o l .  The 
i s o l a t i o n  o f  t h e  m o n o i m i n e  must  be t h e  r e s u l t  o f  f a s t e r  
h y d r o l y s i s  o f  one  o f  t h e  two  i m i n e  g r o u p s  s e l e c t i v e l y .
O H
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The i n d i c a t i o n s  w e r e  t h a t  t h e  p a r a  a l d e h y d e  w o u l d  n o t  be 
o b t a i n e d  p u r e  e v e n  u n d e r  m i l d e r  c o n d i t i o n s .  N - M e t h y l -  
i m i n e s  h a v e  b e e n  i s o l a t e d  b e f o r e .  I n  t h e  c as e  o f  
t o l u e n e  when t h e  r e a c t i o n  m i x t u r e  was s u b j e c t e d  t o  b r i e f  
h y d r o l y t i c  w o r k - u p ,  t h e  p a r a  and o r t h o t o l u a l d i m i n e s  wer e  
o b t a i n e d  i n  p r e d o m i n a n c e  t o  t h e  c a r b o n y l  compounds  and
CH3
M -  m e
i t  was t h o u g h t  t h a t  t h e y  c o u l d  be f o r m e d  e i t h e r  by 
r e a r r a n g e m e n t  o f  t h e  m e t h y l e n e i m i n e s  ArCH2 N = o r
a r i s e  i n  e x c h a n g e  r e a c t i o n s  i n v o l v i n g  m e t h y l a m i n e .  O t h e r  
k i n d s  o f  i n t e r m e d i a t e s  have  been i s o l a t e d  and i d e n t i f i e d  
when b o t h  h e a t i n g  and h y d r o l y s i s  a r e  a v o i d e d .  The 
d i b e n z y 1 ammoniurn s a l t  ( A )  and t h e  h e x a m i n i u m  s a l t  ( B )  
were i s o a l t e d  f r o m  l o w  t e m p e r a t u r e  r e a c t i o n  o f  h e x a m e t h y l  
e n e t e t r a m i n e  w i t h  x y l e n o l .
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F o r m y l a t i o n  o f  1 - n a p h t h o l  w i t h  z i n c  c y a n i d e  and  d r y  HCl  
Due t o  t h e  n e g a t i v e  and d i s a p p o i n t i n g  r e s u l t s  
o b t a i n e d  f r o m  t h e  p r e v i o u s  a t t e m p t s ,  i t  was d e c i d e d  t o  
use t h e  m o d i f i e d  p r o c e d u r e  o f  G a t t e r m a n n .  T h i s  m e t h o d  
was p r e v i o u s l y  a v o i d e d  i n  t h e  p r e s e n t  w o r k ,  b e c a u s e  i t  
i n v o l v e s  t h e  g e n e r a t i o n  o f  h y d r o c y a n i c  a c i d  f r o m  t h e  
r e a c t i o n  o f  z i n c  c y a n i d e  and h y d r o g e n  c h l o r i d e  t o  be 
u s ed  as t h e  f o r m y l a t i n g  a g e n t .  T h i s  gas  n e e d s  s e r i o u s  
p r e c a u t i o n s  b u t  a 12% y i e l d  i s  r e p o r t e d ^ ^ .  By b u b b l i n g  
h y d r o g e n  c h l o r i d e  gas  t h r o u g h  a s o l u t i o n  o f  1 - n a p h t h o l  
i n  d r y  e t h e r  c o n t a i n i n g  s o l i d  z i n c  c y a n i d e ,  t h e  z i n c  
c y a n i d e  g r a d u a l l y  d i s s o l v e s  and i s  r e p l a c e d  by a s t i c k y  
gum w h i c h  e v e n t u a l l y  t u r n s . t o  a y e l l o w  g r a n u l a r  s o l i d .  
T h i s  s o l i d  i m i n e  h y d r o c h l o r i d e  was d i s s o l v e d  i n  a q u e o u s  
e t h a n o l .  The a l d e h y d e  g r a d u a l l y  p r e c i p i t a t e s  o u t  i n
NH ,
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a y i e l d  o f  60% and t h e  r e a c t i o n  w e n t  e x c l u s i v e l y  i n  
t h e  p a r a  p o s i t i o n .  No s i g n  o f  t h e  o r t h o  n a p h t h a l d e h y d e
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was n o t i c e d .  The s t r u c t u r e  was c o n f i r m e d  by t h e  ^Hnmr  
and t h e  p u r i t y  was c o n f i r m e d  by t i c  p l a t e  and  m e l t i n g  
p o i n t .  The m e c h a n i s m  o f  t h i s  r e a c t i o n  m i g h t  i n v o l v e  t h e  
g e n e r a t i o n  o f  h y d r o c y a n i c  a c i d  w h i c h  c o n d e n s e s  w i t h  1 -  
n a p h t h o l  t o  y i e l d  t h e  i m i n e  h y d r o c h l o r i d e  as a c a k e  and 
t h e n  h y d r o l y s i s  g i v e s  t h e  c o r r e s p o n d i n g  a l d e h y d e  w h i c h  
s howed  H2 and  H3 as an AB s y s t e m  a t  £ 7 . 0 0  and  7 . 9 0 ;  H5 
p e r i  t o  t h e  a l d e h y d e  g r o u p  as a b r o a d  d o u b l e t  a t  9 . 3 5 ;
HB as a b r o a d  d o u b l e t  a t  8 . 3 5  and t h e  a l d e h y d e  p r o t o n  
a t  1 0 . 0 0 .
C o n v e r s i o n  o f  4 - f o r m y 1 - 1 - n a p h t h o i  i n t o  i t s  e t h a n e  
d i t h i o l  a c e t a l
The d i t h i o a c e t a l  ( 1 0 )  was o b t a i n e d  i n  a b o u t  90%
y i e l d  by  t r e a t m e n t  o f  t h e  f r e s h l y  p r e p a r e d  a l d e h y d e  w i t h
e t h a n e  d i t h i o l  i n  t h e  p r e s e n c e  o f  b o r o n  t r i f l u o r i d e  as
L e w i s  a c i d  c a t a l y s t  i n  a m i x t u r e  o f  c h l o r o f o r m  and
m e t h y l e n e  c h l o r i d e  f o r  14 h o u r s  a t  r oom t e m p e r a t u r e  
f o l l o w e d  by  w a s h i n g  w i t h  2M s o d i u m  c a r b o n a t e  t o  d e s t r o y  
t h e  b o r o n  t r i f l u o r i d e .  A t i c  p l a t e  i n d i c a t e d  o n l y  one 
c o l o u r l e s s  s p o t  s h o w i n g  u n d e r  t h e  uv l a m p ,  s l i g h t l y  
l e s s  p o l a r  t h a n  t h e  a l d e h y d e .  I t  w e n t  g r e e n  i n  c o l o u r  
a f t e r  C e ^ ^  s p r a y  and became y e l l o w  by h e a t i n g  i t  up i n  
an o v e n .  T h e r e  was a t i n y  s p o t  o f  t h e  s t a r t i n g  m a t e r i a l  
C r y s t a l l i s a t i o n  f r o m  e t h y l a c e t a t e / l i g h t  p e t r o l e u m  ( 6 0 - 8 0 ° )  
g av e  p i n k  c r y s t a l s  mp 1 3 8 - 1 4 0 ° C .  The r e a c t i o n  p a t h  
may i n v o l v e  t h e  c o - o r d i n a t i o n  o f  t h e  b o r o n  t r i f l u o r i d e  
t o  t h e  o x y g e n  a t o m o f  t h e  c a r b o n y l  g r o u p  f o l l o w e d  by  a
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n u c l e o p h i l i c  a t t a c k  on t h e  c a r b o n  a tom and t h e n  an 5. ,^
N
r e a c t i o n  as i l l u s t r a t e d  b e l o w .
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T h i s  r e a c t i o n  m i g h t  h av e  been  b e t t e r  r e g a r d i n g  t h e  y i e l d
and t h e  l e n g t h  o f  t i m e  n ee d e d  i f  t h e  a l d e h y d e  had  been
e n t i r e l y  i n  s o l u t i o n  f r o m  t h e  b e g i n n i n g ,  b u t  t h e  a l d e h y d e
i s  v e r y  i n s o l u b l e .
The p r e v i o u s l y  unk n o wn  d i t h i o a c e t a l  ( 1 0 )  was
c h a r a c t e r i s e d  by e l e m e n t a l  a n a l y s i s  t o  be ^ 3 * '^] * I t s
^Hnmr  i n  c h l o r o f o r m  showed  at  S 8 . 2 0 ,  m, HB, H 7 ; 7 . 8 7 ,
s d ( J  1 0 . 0  H z ) ,  H3;  7 . 4 0 - 7 . 7 0 ,  bm, H6,  H 7 ; 6 . 7 8 ,  s d ,
( J  1 0 . 0  H z ) ,  H2;  6 . 4 0 ,  s s ,  Hx ;  3 . 5 0 ,  b q ,  CH2 CH2 ; 5 . 7 0 - 5 . 3 0 ,
l u m p ,  OH ( t h i s  d i s a p p e a r s  by D^O e x c h a n g e ) .
Th a p p e a r a n c e  o f  t h e  p ea k  r e l a t i n g  t o  t h e  - C H ^ - C H ^ -
g r o u p  as a b r o a d  s i n g l e t  i s  p e r h a p s  due t o a l o w  b a r r i e r
1 3t o  r o t a t i o n  a b o u t  t h e  C-C s i n g l e  b o n d .  The C nmr 
d a t a  a r e  g i v e n  i n  t h e  t a b l e .
C o m p a r i s o n  b e t w e e n  t wo  d i t h i o a c e t a l s  o b t a i n e d ^ ( 6 ) and  ( 1 0 ) 
T h i s  new a c e t a l  s h o u l d  be an i s o m e r  o f  t h a t  
g o t  by L i A l H ^  r e d u c t i o n  o f  t h e  o r a n g e  q u i n o n e  m e t h i d e  
and  i t  was t h e r e f o r e  i n t e r e s t i n g  t o  c o n t r a s t  t he m.
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Compounds  ( 6 )  and  ( 1 0 )  w e r e  shown t o  be d i f f e r e n t  by d i s ­
c r e p a n c i e s  i n  c o l o u r ,  m e l t i n g  p o i n t  and s p e c t r a l  d a t a  
( s e e  t a b l e ) .  The p r e s e n c e  o f  t h e  h y d r o g e n  b o n d i n g  i n  t h e  
c ompound  ( 6 )  o b t a i n e d  by L i A l H ^  r e d u c t i o n  o f  t h e  q u i n o n e
_ 1
m e t h i d e  e v e n  i n  d i l u t e  s o l u t i o n  ( b a n d s  a t  3400  and  3 30 0  cm )
s u g g e s t s  t h a t  t h e  s u b s t i t u e n t  i s  a t  t h e  o r t h o  p o s i t i o n
w h e r e a s  i n  c o mp ou n d  ( 1 0 )  t h e r e  was a h y d r o g e n  b o n d e d  OH
a t  3 320  cm  ^ and  a n o n - h y d r o g e n  b o n d e d  OH a t  3605  cm ^ .
The f o r m e r  d i s a p p e a r e d  on d i l u t i o n .  T h a t  s u g g e s t s  t h a t
t h e  s u b s t i t u e n t  i s  a t  t h e  p a r a  p o s i t i o n .  I n  a d d i t i o n  
1 13b o t h  Hnmr and  Cnmr a r e  r a t h e r  d i f f e r e n t  s h o w i n g  t h a t  
t h e  t w o  d i t h i o  a c e t a l s  a r e  n o t  i d e n t i c a l .
T h i s  g i v e s  r i s e  t o  more  e v i d e n c e  o f  t h e  w r o n g  
a s s i g n m e n t  o f  t h e  s t r u c t u r e  o f  t h e  q u i n o n e  m e t h i d e  
o b t a i n e d  f r o m  t h e  CS^ r e a c t i o n .
P r e p a r a t i o n  o f  2 , 6 - d i m e  t h y  1 - 4 - f o r m y  1 p h e n o l  ( 2 / 0 ) and  i t s  
c o n v e r s i o n  i n t o  a q u i n o n e  m e t h i d e
B e f o r e  a t t e m p t i n g  o x i d a t i o n  o f  t h e  n a p h t h o l  t h i o -
a c e t a l ,  t h e  x y l e n o l  a n a l o g  was i n v e s t i g a t e d  s i n c e  t h e
q u i n o n e  m e t h i d e  i n  t h i s  c a s e  was k n o w n ,  t h o u g h  n o t  made
by t h i s  way .
The t i t l e  c o mpound  ( 9,0) was o b t a i n e d  i n  m o d e r a t e
y i e l d  as  p a l e  y e l l o w  c r y s t a l s ,  mp 1 0 9 - 1 1 0 ° C  f r o m  a
m i x t u r e  o f  c h l o r o f o r m  and  p e t r o l e u m - e t h e r , by t r e a t i n g
x y l e n o l  ( 1 8 )  w i t h  h e x a m e t h y 1 e n e t «  t r a m i n e  i n  r e f l u x i n g
39t r i f l u o r o a c e t i c  a c i d  f o l l o w i n g  t h e  l i t e r a t u r e  . A f t e r  
12 h o u r s ,  t i c  showed  m a i n l y  one  s p o t  and  no s t a r t i n g  
m a t e r i a l  r e m a i n e d .  The r e a c t i o n  was t h e n  w o r k e d - u p
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by d i s t i l l i n g  o f f  t h e  s o l v e n t  f o l l o w e d  by a w a t e r  w o r k - u p  
The s t r u c t u r e  was c o n f i r m e d  by t h e  a i d  o f  ^Hnmr  i n  c h l o r o  
f o r m ^ i n  p a r t i c u l a r  t h e  a p p e a r a n c e  o f  t h e  a l d e h y d e  p r o t o n  
a t  & 9 . 7 5  as  a s i n g l e t .
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I t  s h o u l d  be n o t e d  t h a t  i n  t h i s  c a s e  t h e  D u f f  r e a c t i o n
w o r k s  f a i r l y  w e l l .
T r e a t m e n t  o f  t h e  f r e s h l y  p r e p a r e d  a l d e h y d e  w i t h
e t h a n e d i t h i o l  i n  t h e  p r e s e n c e  o f  b o r o n  t r i f l u o r i d e  e t h e r a t e
as L e w i s  a c i d  c a t a l y s t  i n  c h l o r o f o r m  g a v e  i n  a good
y i e l d  t h e  p h e n o l  ( 2 0 ) .  T h i s  compound  c r y s t a l l i s e d  o u t
f r o m  p e t r o l e u m  e t h e r  as w h i t e  p l a t e s  m e l t i n g  a t  6 8 - 6 9 “ C;
i t s  ^Hnmr  i n  c h l o r o f o r m  showed  6  5 . 5 7 ,  S,  H ^ ,  3 . 5 0 ,  b s ,
DDQ o x i d a t i o n  o f  t h e  d i t h i o a c e t a l  ( 2 0 )  i n
c h l o r o f o r m  g a v e  i n  a g oo d  y i e l d  t h e  c o r r e s p o n d i n g  q u i n o n e
1
m e t h i d e  (2-^) whos e  s t r u c t u r e  was c o n f i r m e d  by Hnmr i n  
c h l o r o f o r m  w h i c h  s how ed  t h e  t o t a l  d i s a p p e a r a n c e  o f  t h e  
s i g n a l s  o f  a t  5 . 5 7  and  OH a t  4 . 7 5 .  T h i s  q u i n o n e  
m e t h i d e  c r y s t a l l i s e s  n i c e l y  as o r a n g e  c r y s t a l s  m e l t i n g  a t  
1 2 1 . 5 - 1 2 3 ° C  f r o m  a m i x t u r e  o f  e t h y l  a c e t a t e  and  p e t r o l .
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A t t e m p t e d  O x i d a t i o n  o f  p h e n o l s  ( 6 )  and ( 1 0 )
H a v i n g  made t h e s e  p h e n o l s ,  i t  was l i k e l y  t h a t  i t  
w o u l d  be p o s s i b l e  t o  o b t a i n  t h e  c o r r e s p o n d i n g  q u i n o n e -  
m e t h i d e s  t h r o u g h  a h y d r i d e  a b s t r a c t i o n  o x i d a t i o n  p r o c e s s .  
F o r  t h i s  r e a s o n ,  and  due  t o  t h e i r  h i g h  r e d u c t i o n  
p o t e n t i a l ^  q u i n o n e s  s u c h  as 2 , 3 - d i c h l o r o - 5 , 6 - d i c y a n o -  
b e n z o q u i n o n e  (DDQ) seemed t o  be a l i k e l y  o x i d a t i v e  a g e n t  
t o  c o n v e r t  t h e s e  p h e n o l s  t o  t h e i r  c o r r e s p o n d i n g  q u i n o n e -  
m e t h i  d e s .
10 2I t  h as  b een  r e p o r t e d  t h a t  an e x p o s u r e  t o  DDQ, 
c e r t a i n  t h i o a c e t a l s  u n d e r g o  o x i d a t i o n  a c c o r d i n g  t o  t h e  
f o l l o w i n g  r e a c t i o n  and t h e  p r o d u c t s  d e r i v e d  f r o m  t h i s  
r e a c t i o n  d e p e n d  on t h e  n a t u r e  o f  t h e  s u b s t i t u e n t  ( R ) .
O
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When p o s s i b l e ,  l o s s  o f  a p r o t o n  f r o m  t h e  p - c a r b o n  
a t o m o c c u r s  l e a d i n g  t o  k e t e n e  t h i o a c e t a l s  i n  a y i e l d  
o f  5 0 - 7 0 % .
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S i m i l a r l y ,  t h e  t h i o a c e t a l s  o f  o r t h o  and  p a r a -  
h y d r o x y b e n z a l d e h y d e s  a f f o r d e d  on e x p o s u r e  t o  DDQ t h e  
c o r r e s p o n d i n g  q u i n o n e m e t h i d e s .
c:>h(D —  c:>=^D
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H o w e v e r ,  t h e  DDQ o x i d a t i o n  o f  2 - e t h y l - 1 , 3 - d i t h i  
o l a n e ,  2 - b e n z y l - 1 , 3 - d i t h i o l a n e  and  t h e  b i s t h i o a c e t a l  
shown b e l o w  w e r e  e x a m i n e d  and  f o u n d  t o  f a i l .
A l s o ,  K o u t e k  i n  1976 f a i l e d  t o  o b t a i n  t h e
q u i n o n e  m e t h i d e  d e r i v e d  f r o m  t h e  s u l f o n e  v i a  DDQ o x i d a t i o n
103by m a n g a n e s e  d i o x i d e  o x i d a t i o n
H
O
No one  has  e s t a b l i s h e d  t h e  m e c h a n i s m ,  and  t h e  
f a c t o r s  o f  s u c c e s s  and  f a i l u r e  o f  t h i s  r e a c t i o n .
I n  t h e  p r e s e n t  w o r k  an a t t e m p t  a t  o x i d i s i n g  
t h e  p h e n o l  ( 2 0 )  w i t h  DDQ i n  c h l o r o f o r m  was a c h i e v e d  
w i t h  s u c c e s s  g i v i n g  t h e  c o r r e s p o n d i n g  q u i n o n e  m e t h i d e  
( 2 1 )  w h i c h  was p r e v i o u s l y  p r e p a r e d  by Gompper  v i a  t h e  
CSg r e a c t i o n .
S e v e r a l  a t t e m p t s  a t  o x i d i s i n g  p h e n o l s  ( 6 )  and 
( 1 0 )  w i t h  f r e s h l y  c r y s t a l l i s e d  DDQ i n  d i f f e r e n t  s o l v e n t s
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s uc h  as c h l o r o f o r m ,  d i m e t h y l  s u l f o x i d e ,  e t h e r ,  a c e t o n e  and  
d i m e t h o x y e t h a n e  f a i l e d  t o  a f f o r d  t h e  c o r r e s p o n d i n g  q u i n o n e  
m e t h i d e .  No t r a c e  o f  t h e  d e s i r e d  y e l l o w  m a t e r i a l  was 
d e t e c t e d  n e i t h e r  by t i c  p l a t e  n o r  by ^ Hnmr .
O t h e r  a t t e m p t e d  o x i d a t i o n s  o f  p h e n o l s  ( 6 ,  10 )
D e s p i t e  t h e  a v a i l a b i l i t y  o f  many r e a g e n t s  f o r  
t h e  o x i d a t i o n  o f  p h e n o l s  t o  t h e  c o r r e s p o n d i n g  q u i n o n e  
m e t h i d e  , s u c h  a s ,  p o t a s s i u m  h e x a c y a n o f e r r a t e  ( I I I )  
K ^ F e ( C N ) ^ ,  l e a d  o x i d e ,  s i l v e r  o x i d e ,  i o d i n e ,  d i m e t h y l -  
s u l p h o x i d e  , p y r i d i n i u m  d i c h r o m a  t e , . . .  , e t c ,  t h e
c h o i c e  o f  s u i t a b l e  o x i d a t i v e  a g e n t s  f o r  t h e  p h e n o l s  ( 6 , 1 0 )  
was v e r y  l i m i t e d  b e c a u s e  o f  t h e  p r e s e n c e  o f  t h e  s u l f u r  
a t o m s  w h i c h  a r e  r e a d i l y  a c c e s s i b l e  t o  be a t t a c k e d  by
VIm e t a l  i o n s  and  o t h e r  e l e c t r o p h i l e s . F o r  i n s t a n c e ,  Cr  , 
A g ^ ,  1 2 , . . . ,  e t c ,  w h i c h  a r e  s t r o n g  e l e c t r o p h i l i c  r e a g e n t s ,  
m i g h t  o x i d i s e  o r  c o - o r d i n a t e  t o  t h e  s u l f u r s  r a t h e r  t h a n  
t h e  p h e n o l .  H o w e v e r ,  a s e l e c t i o n  o f  t h e s e  r e a g e n t s  was 
made and  t r i e d  on t h e s e  p h e n o l s  as f o l l o w s .
i .  P y r i d i n i u m  d i c h r o m a t e  ( P D C ) .
C o r e y  has  r e p o r t e d  t h a t  u n l i k e  PDC i n  d i m e t h y l -  
f o r m a m i d e  ( D M F ) ,  t h e  r e a g e n t  PDC i n  m e t h y l e n e  c h l o r i d e  
o x i d i s e s  p r i m a r y  a l c o h o l s  t o  t h e  c o r r e s p o n d i n g  a l d e h y d e s  
and no f u r t h e r  v i a  t h e  f o r m a t i o n  o f  a c h r o m a t e  e s t e r  
f o l l o w e d  by a h y d r o g e n  a b s t r a c t i o n  as i l l u s t r a t e d  b e l o w ,  
r e g a r d l e s s  o f  t h e  n a t u r e  o f  t h e  s u b s t r a t e  . On t h e
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b a s i s  o f  h i s  s u c c e s s f u l  t r i a l  on t h e  a l c o h o l  ( C ) w i t h o u t  
a f f e c t i n g  t h e  d i t h i o a c e t a l  r i n g  i t  was h o p e d  t h a t  t h i s  
r e a c t i o n  w o u l d  w o r k  w i t h  p h e n o l s  ( 6 ,  1 0 ) .  When t h e s e  
c o m p ou n d s  w e r e  s u b j e c t e d  t o  PDC-DMF and PDC-CHgCl g  b o t h  
r e a c t i o n s  y i e l d e d  a m e s s .  Hnmr was u n a b l e  t o  d e t e c t  
w h a t  h a p p e n e d  i n  t h i s  r e a c t i o n  and  no s t a r t i n g  m a t e r i a l  
was r e c o v e r e d  w h i c h  means t h a t  some k i n d  o f  r e a c t i o n  has  
h a p p e n e d  b u t  n o t  i n  t h e  r i g h t  way .  T h a t  m i g h t  be due  
t o  t h e  c o - o r d i n a t i o n  o f  t h e  C r ^ *  t o  t h e  s u l f u r  a t o m s  o f  
t h e  d i t h i o a c e t a l .
i i .  D i m e t h y l s u l f o x i d e .
S we r n  has  r e p o r t e d  a m i l d  y i e l d  o x i d a t i o n  o f
l o n g - c h a i n ,  s a t u r a t e d ,  u n s a t u r a t e d ,  a c e t y l e n i c  and
105s t e r o i d a l  a l c o h o l s  t o  c a r b o n y l  c o mp o u n d s  . T h i s  m e t h o d  
i n v o l v e s  d i m e t h y l s u l f o x i d e  " a c t i v a t e d "  by o x a l y l  c h l o r i d e  
a t  - 6 G° C  ( b e c a u s e  t h e  o x a l y l  c h l o r i d e  r e a c t s  v i o l e n t l y  
and e x o t h e r m i c a l l y  a b o v e  t h i s  t e m p e r a t u r e )  t o  g i v e  t h e  
a l k o x y s u l f o n i u m  s a l t s  c o n v e r t i b l e  t o  c a r b o n y l  c o mp o u n d s  
i n  h i g h  y i e l d .  As t h e  p r o p o s e d  m e c h a n i s m  b e l o w  s hows  
o x i d a t i o n  o f  p h e n o l  ( 1 0 )  m i g h t  p r o c e e d  s i m i l a r l y .
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When c o mp o u n d s  ( 6 ,  10 )  w e r e  t r e a t e d  u n d e r  t h e  
same c o n d i t i o n s  n on e  o f  t h e  d e s i r e d  compound  was o b s e r v e d ,
i i i .  T r i p h e n y I m e t h y 1 t e t r a f l u o r o b r a t e .
An a t t e m p t  t o  o x i d i s e  t h e  p h e n o l s  ( 6 ,  10 )  w i t h  
t r i p h e n y l m e t h y 1 t e t r a f l u o r o b o r a t e  v i a  t h e  f o l l o w i n g  
m e c h a n i s m  was met  w i t h  f a i l u r e  and a t o t a l  mess r e s u l t e d  
f r o m  t h i s  r e a c t i o n .
H- Hc(pk) :
L _ y
No s i g n  o f  t h e  d e s i r e d  compound  was d e t e c t e d  
1
n e i t h e r  by  t i c  n o r  by Hnmr .
i V . I o d i n e  i n  t h e  p r e s e n c e  d f  p o t a s s i u m  t - b u t o x i d e  
An a t t e m p t e d  o x i d a t i o n  o f  t h e  p h e n o l s  ( 6 ,  10 )  
w i t h  i o d i n e  and  b a s e  i n  a c e t o n i t r i l e  was made ,  w h e r e  i t  
was h o p e d  t h a t  t h e  i o d i n e  m i g h t  i o d i n a t e  t h e  r i n g  and  
t h e n  a s u b s e q u e n t  e l i m i n a t i o n  o f  h y d r o g e n  i o d i d e  m i g h t  
g i v e  t h e  q u i n o n e  m e t h i d e .  A p o s s i b l e  m e c h a n i s m  i s  
p r o p o s e d .  H o w e v e r ,  i t  me t  w i t h  f a i l u r e  as  w e l l .
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V. O x y ge n  i n  t h e  p r e s e n c e  o f  p o t a s s i u m  t - b u t o x i d e .
An a t t e m p t  o f  o x i d a t i o n  o f  p h e n o l  ( 6 , 1 0 )  by b u b b l i n g  
o x y g e n  i n t o  a s o l u t i o n  o f  t h e  p h e n o l  ( 6 , 1 0 )  and  t - B u O K  i n  
b e n z e n e  w i t h  s t i r r i n g  a t  r oom t e m p e r a t u r e  f o r  1 week 
f a i l e d  and  s t a r t i n g  m a t e r i a l  was r e c o v e r e d .
P r e p a r a t i o n  o f  t h e  d i t h i o a c e t a l  ( 2 3 )  and  i t s  DDQ o x i d a t i o n
S i n c e  a t  t h i s  s t a g e  i t  a p p e a r e d  t o  be d i f f i c u l t  
t o  o b t a i n  t h e  p a r e n t  p a r a  q u i n o n e  m e t h i d e ( 2 ) ,  i t  was 
d e c i d e d  t o  t r y  t o  make d e r i v a t i v e s  o f  i t  i n  w h i c h  t h e  
2 - p o s i t i o n  was b l o c k e d  by CH^,  B r  o r  C l  and whose  
s y n t h e s i s  w o u l d  n o t  o f f e r  a c h o i c e  o f  s i t e  o f  a t t a c k .
T r e a t m e n t  o f  4 - f o r m y 1 - 1 - n a p h t h o l  w i t h  a s o l u t i o n  
o f  b r o m i n e  i n  g l a c i a l  a c e t i c  a c i d  a t  r oom t e m p e r a t u r e  f o r  
% h o u r  y i e l d e d  t h e  p r e v i o u s l y  ^ o w x v  b r o m o a l d e h y de ( 2 2 )  
as a g r e e n  s o l i d  mp 5 3 —56^C whose  Hnmr i n  c h l o r o f o r m
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s h o w ed  t h e  d i s a p p e a r a n c e  o f  H2 ( u p - f i e l d  p r o t o n )  a t  6  6 . 7 0  
and  t h e  a p p e a r a n c e  o f  H3 as a s h a r p  s i n g l e t  a t  ^ 8 . 0 4 .
O H
Br
The TLC p l a t e  o f  t h e  r e a c t i o n  m i x t u r e  s how ed  an
e x t r a  s p o t  l e s s  p o l a r  t h a n  2 - b r o m o - 4 - n a p h t h a l d e h y d e , i t
'\
was b e l i e v e d  on t h e  b a s i s  o f  t h e  Hnmr o f  t h e  m i x t u r e  by 
c o m p a r i n g  t h e  i n t e g r a l s  t o  be t h e  2 , 4 - d i b r o m o n a p h t h o l
, w h i c h  was t h o u g h t  t o  be f o r m e d  i n  t h i s  r e a c t i o n ,  as  
a r e s u l t  o f  t h e  e x c e s s  o f  b r o m i n e ,  w h i c h  m i g h t  s u b s t i t u t e  
t h e  a l d e h y d e  g r o u p .  T h e r e f o r e ,  i t  i s  c o n c l u d e d  t h a t  
t h i s  r e a c t i o n  r e q u i r e s  h i g h  a c c u r a c y  on t h e  u se  o f  t h e  
r e a g e n t  q u a n t i t i e s .
The s u b s t a n c e  ( 2 2 )  was c o n v e r t e d  a l m o s t  q u a n t i t ­
a t i v e l y  i n t o  i t s  d i t h i o  a c e t a l  ( a  new c o m p o u n d ) ,  by 
t r e a t m e n t  o f  c ompound  ( 2 2 )  w i t h  e t h a n e  d i t h i o l  i n  c h l o r o ­
f o r m  i n  t h e  p r e s e n c e  o f  b o r o n  t r i f l u o r i d e  f o r  12 h o u r s  
a t  r oom t e m p e r a t u r e  f o l l o w e d  by a 2M s o d i u m  c a r b o n a t e  
w a s h i n g .
The d i t h i o a c e t a l  ( 2 3 )  c r y s t a l i s e d  as g r e e n i s h
y e l l o w  p l a t e s  f r o m  e t h y l  a c e t a t e / l i g h t  p e t r o l e u m ^ m e l t i n g
1
a t  1 2 1 . 5 - 1 2 3 ° C .  Hnmr i n  c h l o r o f o r m  i n d i c a t e d  t h e  
p r e s e n c e  o f  H^ as a s h a r p  s i n g l e t  a t  6 6 . 3 0 .
A t t e m p t e d  o x i d a t i o n  o f  t h e  a c e t a l  (2 3 ) w i t h  DDQt 
i n  c h l o r o f o r m  f a i l e d  t o  g i v e  t h e  c o r r e s p o n d i n g  q u i n o n e  
m e t h i d e .
-  79 -
S y n t h e s i s  oF t h e  2 - m e b h y l - p - q u i n o n e  m e t h i d e  (24 )
T r e a t m e n t  o f  f r e s h l y  p r e p a r e d  2 - m e t h y l - 1 - n a p h t h o l
w i t h  c a r b o n  d i s u l p h i d e  and d i b r o m o  e t h a n e  i n  a l k a l i n e
s o l u t i o n  i n  DMSO y i e l d e d  t h e  t i t l e  compound  ( 2 4 ) ,  a
new q u i n o n e  m e t h i d e ,  a# y e l l o w  c r y s t a l s  m e l t i n g  a t  1 3 9 -
140° C f r o m  e t h y l  a c e t a t e / p e t r o l .  E l e m e n t a l  a n a l y s i s
r e s u l t s  s u g g e s t  t h e  s t r u c t u r e  ^Hnmr  i n
c h l o r o f o r m  show ed  a s i n g l e t  a t  6  7 . 7  w h i c h  r e f e r s  t o  H3
and a m u l t i p l e t  a t  S 6 . 4  w h i c h  r e f e r s  t o  t h e  - C H ^ - C H ^ -
1 3g r o u p .  Uv and Cnmr d a t a  h a v e  been  d i s c u s s e d  ( s e e  
T a b l e ,  Sec L i o n  2 ) .  i
o
me
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I n  t h e  hope  t o  a l t e r i n g  t h e  y i e l d  o f  t h i s  r e a c t i o n  
i t  was r e p e a t e d  i n  a c e t o n i t r i l e  as s o l v e n t .  H o w e v e r ,  
t h e  same r e s u l t s  w e r e  o b t a i n e d  as a b o v e .
I m p r o v e d  y i e l d  o f  t h e  p a r a  q u i n o n e  m e t h i d e  f r o m  t h e  CS^ 
R e a c t i o n
O w i n g  t o  t h e  d i s a p p o i n t i n g  r e s u l t s  o f  t h e  
a t t e m p t e d  o x i d a t i o n  o f  t h e  d i t h i o a c e t a l s  w i t h  DDQ, PDC,
I ^ ,  0 ^ ,  DMSO, i t  was d e c i d e d  t o  f u r t h e r  i n v e s t i g a t e  t h e  
o r i g i n a l  p r o c e d u r e  w i t h  a v i e w  t o  a l t e r i n g  t h e  o r t h o /  
p a r a  r a t i o  o f  t h e  t wo  i s o m e r s  r e s u l t i n g  f r o m  t h i s  r e a c t i o n  
As s t a t e d  a b o v e  c h a n g e s  i n  t e m p e r a t u r e  and  a d d i t i o n  
p r o c e d u r e  had  no e f f e c t  b u t  i t  was f o u n d  t h a t  by t h e  use  
o f  a l e s s  p o l a r  s o l v e n t  t h a n  DMSO, n a m e l y  a c e t o n i t r i l e ,  
t h e  t w o  i s o m e r s  w e r e  o b t a i n e d  i n  a c o m b i n e d  y i e l d  o f  2 5 ?o
-  80 -
i n  a r a t i o  o f  50% o f  e ac h  i s o m e r .
T h e r e f o r e ,  i t  was c o n c l u d e d  t h a t  t h i s  r e a c t i o n  
i s  s o l v e n t - d e p e n d e n t ;  t h e  p a r a  i s o m e r  was f a v o u r e d  by 
t h e  l e s s  p o l a r  s o l v e n t  w h e r e a s  t h e  o r t h o  i s o m e r  was 
f a v o u r e d  by t h e  more  p o l a r  s o l v e n t .
S e p a r a t i o n
The s e p a r a t i o n  o f  t h e  t h r e e  c o m p o n e n t s  was 
a c h i e v e d  by  p r e p a r a t i v e  c o l u m n  c h r o m a t o g r a p h y  on s i l i c a  
g e l  w i t h  g r a d u a l l y  i n c r e a s i n g  p r o p o r t i o n s  o f  e t h y l  a c e t a t e /  
p e t r o l .  1 N a p h t h o l  was e l u t e d  f i r s t  f o l l o w e d  by t h e  
o r a n g e  q u i n o n e  m e t h i d e  and t h e n  t h e  y e l l o w  one  w h i c h  was 
s l i g h t l y  c o n t a m i n a t e d  w i t h  t h e  o r a n g e  q u i n o n e  m e t h i d e .
The y e l l o w  one was p u r i f i e d  by t h e  use  o f  t . l . c .  p l a t e s  
( c o m m e r c i a l  p r e p a r a t i v e  g l a s s  p l a t e s ) .  I n  t h i s  m a n ne r  
b o t h  i s o m e r s  w e r e  c l e a n l y  o b t a i n e d  i n  a y i e l d  o f  12% 
p a r a  and  13% o r t h o .  T h e r e f o r e  t h e  o v e r a l l  y i e l d  was 
a b o u t  25%.
H a v i n g  o b t a i n e d  a r e a s o n a b l e  a mo u n t  o f  t h e  t wo
i s o m e r s  i n  a c l e a n  s t a t e  a d i r e c t  c o m p a r i s o n  o f  t h e i r  
1 1 3Hn mr ,  Cnmr ,  ms,  mp and uv was p o s s i b l e .
A f t e r  1 had  r e s o l v e d  t h e  p r o b l e m  o f  t h e  i s o m e r i c
qu inonemeth ides and I  came to  t he w r i t i n g - u p  o f  t h i s  t h e s i s  a r ecent  
107l i t e r a t u r e  r e p o r t  o f  Koutek was d i scover ed ,  i n  which he t a c k l e d
the same problem I  was work i ng  on. He i s o l a t e d  the  two isomers f rom
the carbon d i s u l p h i d e  r e a c t i o n  and rep([)6|ted t h e i r  s pec t ra  and c o r r e c t l y
ass igned t h e i r  s t r u c t u r e s .
1 13H i s  Hnmr ,  Cnmr d a t a  and  mass s p e c t r a  w e r e  v e r y  
s i m i l a r  t o  t h e  r e s u l t s  r e p o r t e d  i n  t h i s  t h e s i s .
-  81  -
T r e a t m e n t  oF 2 - c h l o r o - a n d  2 - b r o m o - 1 - n a p h t h o l  w i t h  c a r b o n  
d i s u l p h i d e  i n  a l k a l i n e  s o l u t i o n
When e a c h  o f  t h e  t wo  t i t l e  c o mp ou n d s  w e r e  t r e a t e d  
w i t h  c a r b o n  d i s u l p h i d e  i n  a l k a l i n e  s o l u t i o n  i n  DMSO and 
t h e n  d i b r o m o e t h a n e  no s i g n  o f  t h e  c o r r e s p o n d i n g  q u i n o n e  
m e t h i d e s  w e r e  o b s e r v e d .  The e l e c t r o n i c  a f f e c t  o f  t h e  
h a l o g e n  a t o m  on t h e  r i n g  may c a u s e  some s t a b i l i t y  and  t h e  
a t t a c k  may be d i f f i c u l t  u n d e r  t h e s e  c o n d i t i o n s .
-  8 2 -
I n V e s t  t i o n  o f  t h e  s p e c t r a l  p r o p e r t i e s  o f  t h e  q u i n o n e  
m e t h i d e s  ( 2 , 3 , 2 4 , 21") ----- --------------------------------- ^--------------
Th es e  q u i n o n e  m e t h i d e s  e x i s t  i n  c r y s t a l l i n e  f o r m ,  
a t  r oom t e m p e r a t u r e  a n d ,  a r e  s t a b l e  e n o u g h  t o  be a n a l y s e d .  
T h i s  g r e a t  s t a b i l i t y  i s  p r o b a b l y  a c o n s e q u e n c e  o f  t h e  
p r e s e n c e  o f  t h e  p u s h - p u l l  e f f e c t  ( d e l o c a l i s a t i o n )  w h i c h  
i s  c a u s e d  by t h e  e l e c t r o n - w i t h d r a w i n g  g r o u p  ( C = 0 )  and t h e  
e l e c t r o n - r e l e a s i n g  g r o u p  ( S ) .
I n  t h e i r  H nmr s p e c t r a  i n  c h l o r o f o r m  as s o l v e n t  
a p e r i  p r o t o n  i n  t h e  p a r a  n a p h t h o q u i n o n e  m e t h i d e s  was 
c l e a r l y  s e e n  a t  8 . 4 1  ppm and i s  c o n s i d e r a b l y  d e s h i e l d e d  
c o m p a r e d  t o  t h e  o t h e r  a r o m a t i c  p r o t o n s  as a r e s u l t  o f  t h e  
a n i s o t r o p i c  e f f e c t  o f  t h e  c a r b o n y l  g r o u p .  S i m i l a r l y ,  t h e
1 , 3 - d i t h i o l a n e g r o u p  a f f e c t s  H5 and s h i f t s  i t  d o w n f i e l d  t o  
6 8 . 3 4  p p m .
Thus  b o t h  o f  H8 and H5 a p p e a r  s u p e r p o s e d  as a 
c o m p l e x  m u l t i p l e t .  By t h e  use  o f  d e u t e r a t e d  a c e t o n e  as 
s o l v e n t  t h i s  m u l t i p l e t  s p l i t s  o u t  i n t o  t wo  d o u b l e t s ;  a 
d o u b l e  i r r a d i a t i o n  e x p e r i m e n t  i n d i c a t e d  w h i c h  was w h i c h ;  
and i t  was f o u n d  t h a t  H5 i s  a t  s l i g h t l y  h i g h e r  f i e l d  t h a n  
H8 i n  t h i s  s o l v e n t .
The ^Hnmr  o f  t h e  p a r a  q u i n o n e m e t h i d e  ( 3 )  as 
o r i g i n a l l y  r e c o r d e d  shows  t h e  - C H 2 CH2 -  ss  a b r o a d  
s i n g l e t  a t  S 3 . 4 5 .
W a r m i n g  t h e  s a m p l e  t o  60°C s h a r p e n s  t h e  s i n g l e t .  
A d d i n g  t w o  d r o p s  o f  p y r i d i n e  c h a n g e s  t h e  a p p e a r a n c e  o f  t h e  
- CH2 CH2 -  s i g n a l  t o  a c o m p l e x  s y m m e t r i c a l  A A ' B S '  p a t t e r n  o f  
8 l i n e s  c e n t r e d  a t  ^  3 . 4 .  A p p a r e n t l y  when t h e r e  i s
no a c i d  p r e s e n t  r o t a t i o n  d oe s  n o t  h a p p e n  and  t h e  t wo  CH2
-  83 -
g r o u p s  a r e  w e l l  d i s t i n c t .  T r a c e s  o f  a c i d  a l l o w  r o t a t i o n
t o  o c c u r  and  h e a t i n g  a c c e l e r a t e s  t h i s  g i v i n g  a s h a r p  l i n e .
The r o t a t i o n  i s  p r o b a b l y  c a u s e d  by t h e  e a s y  
p r o t o n a t i o n  o f  t h e  c a r b o n y l  g r o u p  g i v i n g  a c a t i o n  w i t h  a 
much l o w e r  b a r r i e r  t o  r o t a t i o n  ( l o w e r  d o u b l e  b ond  
c h a r a c t e r  i n  t h e  e x o c y c l i c  C=C b o n d ) .  R o t a t i o n  and  l o s s  
o f  t h e  p r o t o n  g i v e s  b a c k  t h e  o r i g i n a l  q u i n o n e m e t h i d e ,  
b u t  w i t h  t h e  CH^ g r o u p s  i n t e r  c h a n g e d .
H
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O n l y  t r a c e s  o f  t h e  c a t i o n  w o u l d  nee d  t o  be 
p r e s e n t  t o  a l l o w  t h i s  t o  h a p p e n .  The m e t h y l n a p h t h o -  
q u i n o n e m e t h i d e  b e h a v e d  i n  e x a c t l y  t h e  same way when 
p y r i d i n e  was a d d e d ,  b u t  p y r i d i n e  had  no e f f e c t  on t h e  
o r t h o q u i n o n e  m e t h i d e ,  p r e s u m a b l y  b e c a u s e  t h e  t w o  CH^ 
g r o u p s  h a v e  t h e  same c h e m i c a l  s h i f t  by a c c i d e n t ,  and 
p y r i d i n e  had  no e f f e c t  on t h e  x y l e n e  d e r i v a t i v e  as w e l l  
s i n c e  i t  i s  s y m m e t r i c a l .
I t  was t h e n  d e c i d e d  t o  add  a c i d  t o  t h e  p a r a  
i s o m e r .  When a f ew d r o p s  o f  t r i f l u o r o a c e t i c  a c i d  w e r e  
a d d e d  t o  t h e  c h l o r o f o r m  s o l u t i o n  o f  t h e  q u i n o n e m e t h i d e  
a c o m p l e t e l y  new s p e c t r u m  was o b s e r v e d  and  t h e  s o l u t i o n  
became r e d  r a t h e r  t h a n  y e l l o w .  T h i s  was b e l i e v e d  t o  be
-  84 -
t h e  s p e c t r u m  o f  t h e  c a t i o n .  T h e r e f o r e ,  a f ew d r o p s  o f  
a c i d  a r e  s u f f i c i e n t  t o  c o n v e r t  a l l  t h e  q u i n o n e  m e t h i d e  
t o  t h e  c a t i o n .  No f u r t h e r  c h a n g e s  w e r e  f o u n d  e v e n  
when t r i f l u o r o a c e t i c  a c i d  was u sed  as s o l v e n t .
The o t h e r  q u i n o n e m e t h i d e s  w e r e  s t u d i e d .  I n  a c i d  
t h e r e  was i n  e a c h  c a s e  a d o w n f i e l d  s h i f t  o f  t h e  w h o l e  
s p e c t r u m  by a b o u t  0 . 6 p p m  ( s e e  t a b l e ) .  I t  i s  n o t e w o r t h y  
t h a t  i n  t h e  c a s e  o f  ( 2 )  and ( 2 4 )  H8 was s h i f t e d  d o w n ­
f i e l d  by a s m a l l e r  a moun t  t h a n  w e r e  t h e  o t h e r  a r o m a t i c  
p r o t o n s  o r  t h e  d i t h i o l a n .  T h i s  m i g h t  be b e c a u s e  t h e  
d o w n f i e l d  s h i f t  p r o d u c e d  on p r o t o n a t i o n  i s  c a n c e l l e d  o u t  
by t h e  r e m o v a l  o f  t h e  d o w n f i e l d  s h i f t  o b s e r v e d  i n  c h l o r o ­
f o r m  and w h i c h  i s  c a u s e d  by t h e  a n i s o t r o p y  o f  t h e  
c a r b o n y l  g r o u p .
T h e r e f o r e ,  t h e  p r o t o n a t i o n  a l t e r s  t h e  TT s y s t e m  
and may r e d u c e  t h e  a n i s o t r o p y  e f f e c t  o f  t h e s e  g r o u p s .
I n  t h e  s p e c t r a  o f  t h e  c a t i o n s  t h e  - C H 2 - C H 2 -  was a l w a y s  
a f a i r l y  s h a r p  s i n g l e t  i n d i c a t i n g  t h a t  r o t a t i o n  o f  t h e  
d i t h i o l a n  was e a s y .
I  l a t e r  f o u n d  t h a t  a s i m i l a r  o b s e r v a t i o n  had  
a l r e a d y  b ee n  m a d e . ^ ^ ^  Q u i n o n e m e t h i d e  ( A )  b e h a v e s  
s i m i l a r l y  as a b o v e .  I t  was f o u n d  on c h a n g i n g  t h e  s o l v e n t  
f r o m  d e u t e r o c h l o r o f o r m  t o  d e u t e r o t r 1 f l u o r a c e t i c  a c i d  a 
c o m p l e t e l y  d i f f e r e n t  s p e c t r u m  was o b s e r v e d .
me me.
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T h i s  s p e c t r u m  was s h i f t e d  d o w n f i e l d  by 0 . 6 p p m  and 
y y
c o n t a i n s  an AA BB p a t t e r n  f o r  t h e  p r o t o n s  o f  t h e  b e n z o d i -  
t h i o l e  r i n g  w h i c h  i n  d e u t e r o c h l o r o f o r m  s o l u t i o n ,  i e .  i n  
A,  h ad  b e e n  a c o m p l e x  m u l t i p l e t  s i n c e  a l l  f o u r  p r o t o n s  
a r e  d i f f e r e n t .  T h i s  new s p e c t r u m  i s  t h a t  o f  t h e  p o s i t i v e l y  
c h a n g e d  1 , 3 - d i t h i o 1 y 1 iurn i o n  ( B )  i n  t h i s  s o l v e n t ,  and 
i n d i c a t e s  t h a t  f r e e  r o t a t i o n  a b o u t  Ar-C"*" can  t a k e  p l a c e .  
T hese  a u t h o r s  d i d  n o t ,  h o w e v e r ,  o b s e r v e  t h e  e f f e c t  o f  
t r a c e s  o f  a c i d  w h i c h  a l l o w s  r o t a t i o n  w i t h o u t  s h i f t i n g  t h e  
w h o l e  s p e c t r u m .
1 3A s i m i l a r  e f f e c t  was o b s e r v e d  i n  t h e  C nmr 
s p e c t r u m  o f  t h e  p a r a  q u i n o n e  m e t h i d e .  The s a m p l e  as 
f i r s t  i s o l a t e d  s howed  a v e r y  b r o a d  l ump  c e n t r e d  a t  38 
ppm and s h a r p  l i n e s  f o r  t h e  a r o m a t i c  c a r b o n s .  When t wo  
d r o p s  o f  d 5 - p y r i d i n e  w e r e  add e d  t h e  b r o a d  b an d  was r e p l a c e d  
by t w o  s i n g l e t s  a t  3 5 . 3 5  and 4 0 . 5 0  ppm.  T r a c e s  o f  
a c i d  i n  t h e  s a m p l e  m u s t  h av e  a c c e l e r a t e d  r o t a t i o n  c a u s i n g  
t h e  l i n e  b r o a d e n i n g .  The o r a n g e  q u i n o n e m e t h i d e  and  t h e
2 - m e t h y l  n a p h t h o q u i n o n e m e t h i d e  g av e  t wo  s h a r p  l i n e s ;  i e .  
no a c i d  was p r e s e n t  i n  t h e s e  t wo  s a m p l e s .
F r a g m e n t a t i o n  p a t t e r n s  o f  t h e  P and 0 i s o m e r s
F i g .  1
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As i t  i s  shown i n  t h e  d i a g r a m ,  a l m o s t  a l l  o f  t h e  
f r a g m e n t a t i o n  p a t t e r n s  g e n e r a t e d  f r o m  b o t h  c o mp o u n d s  ( 2 )  
and ( 3 )  a r e  i d e n t i c a l  and a r e  d o m i n a t e d  by i o n s  o f  m / z  158 
( 1 00%)  f o r m e d  v i a  i o n  m/z  218 by s u c c e s s i v e  l o s s  o f  
e t h y l e n e  and  (CO + 5 ) .  An i o n  o f  m/ z  218 d oe s  e x i s t  i n  
b o t h  s p e c t r a  and  i s  t h e  s o u r c e  o f  f u r t h e r  f r a g m e n t s .  T h a t  
o f  m / z  190 i s  due t o  a l o s s  o f  CO f r o m  q u i n o n o i d  r i n g ,  
b u t  i n  t h e  s p e c t r u m  o f  t h e  o r t h o  i s o m e r  t h i s  f r a g m e n t  i s  
g e n e r a t e d  t o  t h e  e x t e n t  o f  2 .8% o n l y  o f  t h e  158 p e a k .
L o s s  o f  s u l f u r  f r o m  t h e  d i t h a r a n e  r i n g  g i v e s  t h e  i o n  o f  
m / z  1 8 6 .  F u r t h e r  l o s s  o f  s u l f u r  and  CO f r o m  t h e  q u i n o ­
n o i d  s y s t e m  l e a d s  t o  t h e  i o n  o f  m / z  158 as t h e  m a j o r  i o n  
i n  b o t h  s p e c t r a .  A l m o s t  a l l  k i n d s  o f  i o n s  a r e  p r o d u c e d  
i n  t h e  same p e r c e n t a g e s  f r o m  b o t h  i s o m e r s .
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F r a g e m e n t a b i o n  p a t t e r n  o f  t h e  n a p h t h o q u i n o n e  m e t h i d e  f r o m  
2 - n a p h  t  ho 1 ( prepa^eal ^roceolu-Vt ) •
m I t  2/uc.
m / I
IT)/?' ( iDO/o ) I i  i i o U o - l ’M
yT) h  iiu- mil 13'^
The p a r e n t  i o n  i s  a m a j o r  i o n .  I t  l o s e s  e i t h e r  
CO o r  CH^-CH^  g i v i n g  t h e  b a s e  p e a k  a t  218 and t h e n  t h e  
o t h e r  f r a g m e n t  o f  mass 28 t o  g i v e  190 t h e n  158 and  1 1 4 .
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F r a g m e n t a t i o n —p a t t e r n s  o f  t h e  2 - m e t h y l - n a p h t h o q u i n o n e  m e t h i d e  
F i g  3
m II C Iff/) m/ ?  (\Onk)
m n  ZOD I / I  t/»I 'l  l54 i  Yo )
I
m /? 1^ 9 ( /i*3 /.^
m / t  lo^iiuA
The s p e c t r u m  shown a b o ve  i s  d o m i n a t e d  by t h e  
p a r e n t  i o n  m/ z  2 6 0 ,  w h i c h  by a l o s s  o f  e t h y l e n e  g i v e s  
t h e  i o n  o f  m / z  2 3 2 .  The l a t t e r  l o s e s  a s u l f u r  a t om 
t o  g i v e  t h e  i o n  o f  m/ z  2 0 0 .  L o s s  o f  a l l  t h e  a t o m s  o f  t h e  
d i t h i o l a n  r i n g  f r o m  t h e  p a r e n t  i o n  g i v e s  a m a j o r  i o n  o f  
m / z  156 and  f u r t h e r  l o s s  o f  CO t h e  m a j o r  i o n  m/ z  1 2 8 .
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1
^mparison of  Hnmr chemical  s h i f t s  and coup l ing  c onst ant s  of
— 3  n  d  n r ' l ' h n  n a n h i -  _ i -------o r t h o  n a p h t h o qu i n o n e  m e t h i d e s .
C h e m i c a l
S h i f t
1 Hnmr i n  C H D C l j  as s o l v e n t  ^
J . H z . C h e m i c a l  
S h i f t
J . H z
H2 6 . 4 4
H3 7 . 1 6
^3 8 . 0 . 7 5
^3 4 9 . 5 0
^3 7 0 . 3 0
^3 5 T i n y .
7 . 9 4
^4 3 9 . 5 0
H4 6 . 6 9 ^4 8 0 . 7 5
^4 5 0 . 3 5
^5 4 0 . 3 5 ^ 5 , 6 8 . 2 0
H5 7 . 4 5 ^5 6 8 . 1 0 8 . 3 4 ' 5 , 7 1 . 1 0
^5 7 1 . 6 0 ' 5 , 8 0 . 60
^5 8 1 . 0 0
^6 5 8 . 1 0 ' 6 , 5 8 . 2 0
H6 7 . 5 6 ^6 7 6 . 6 0 7 . 6 5 ' 6 , 7 7 . 1 0
^6 8 1 . 6 0 ' 6 , 8 1 . 6 0
^7 8 7 . 5 0 ' 7 , 8
7 . 6 0
H7 7 . 4 3 ^7 6 6 . 6 0
7 . 4 4 ' 7 , 6 7 . 1 0
^7 5 1 . 6 0 ' 7 , 5
1 . 1 0
^7 3 0 . 3 0
'^8 7 7 . 50 ' 8 , 7 7 . 6 0
H8 8 . 3 9 ^8 6 1 . 6 0
8 . 4 1 ' 8 , 6 1 . 6 0
^8 5 1 . 0 0 ^ 8 , 3 0 . 6 0
^8 3 0 . 7 5
CH^CH^ 3 . 3 8 3 . 4 0
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1
S o l v e n t  E f f e c t  on t h e  Hnmr o f  t h e  q u i n o n e  m e t h i d e s  ( 9 0  MHz)
Compound 1
CDCl ^  as s o l v e n t
Hnmr ( ^  )
CF^CO^H as s o l v e n t
8 . 3 - 8 . 5  (2H, dd, H5 H8
7.9 (1H, d, H3)
7 .3 5 - 7 . 6  ( l A r - H ,  2H,H6H7)
6.45 (1H, d, H2)
3 .4  (4H, S, CH2 -CH2 )
8 . 3 -8 . 3 5  (1H, bd,  H5)
8 . 35 - 8 . 45  (1H, bd,  H8 )
8 .5  (1H, d, H3)
7 . 4 -7 . 6 5  (12H, m, H6,H7)
7.0 (1H, d,  H2)
4.1 (14H, S, CH^-CH^)
8.40 (1H, bd,  H8 ) 9 .0  (1H, bd,  H8 )
7 . 3 - 7 . 4  (3Ar-H,m,H5,H6,H7) 7 .7 6 - 8 . 2  (3 ArH,m, H5,H6,H7)
7.15 (1H, d, H3) 7.75 (1H, d, Hj )
6 .70 (1H, d, H4) 7.30 (1H, d, H^)
3.58 (4H, SS, CH2 CH2 ) 4 .18(4H,  S, CH2 -CH2 )
8 . 3 - 8 . 4  (2H, d, H8 , H5) 8 . 8 - 9 . 0  (1H, bd,  H8 ) 
8 . 5 - 8 . 7  (1H, bd,  H5)
n V “ 7.75 (1H, S, H3) 8.35 (1H, S, H3)
7 .3 5 - 7 . 55  (2Ar-H,m,H5,H4) 7 . 85 - 4 . 45  (2H, bm, H6 , H7)
0 3.55 (4H, S, CH2 CH2 ) 4.25 (4H, S, CH2 -CH2 )
2.12 (3H, S, CH3 ) 2.55 (3H, bs,  CHj)
7 .25 (2H, S, H3, H5) 
3.60 (4H, S, CH2CH2 )
2.25 ( 6 H, S, 2 Ma)
7.82 (2H, S, H3, H5) 
4.15 (4H, m, CH2 -CH2 
2.85 ( 6 H, S, 2 Me)
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Hnmr chemica l  s h i f t s  o f  t he phenols ob ta i ned  i n  ch l o r o f o r m as 
s o l v e n t
Compound Chemical  S h i f t  i n  CDCl^
OM
8.2  (2H, m, H8, H5);  7.87 (1H, Sd, H3) 7.70 (1H,d ,H2) ;  
7.30 (2Ar -H,  bm, H6, H7) 6.78 (1H, S, Hx) ;  6.40
^  (1H, lump, OH) 3.50 (4H, S, -CH2 -CH2 )
8.3  (1H, m, H8);  7.75 (1H, m, H5);  7 . 4  (1H, d, H4);
7 . 35 - 7 . 45  (3H, m, 1.15,  H6, H7),  3.35 (1H, d,  Hz)
5.9 (1H, S, OH), 7.5 (4H, bm, ( .CH2 -CH2 - )
8 . 10 - 8 . 20  (2H, m, H5, H8);  8.00 (1H, S, H3) ,  7 . 40 -  
7.60 (2H, m, H6, H7);  6 .30 (1H, S, Hx) 6.00 (1H, 
lump, OH); 3.50 (4H, bs,  CH2CH2 )
7 .10 (2H, SS, H3, H5);  4 . 6 0 - 4 . 70  (H, lump, OH)
2.20 (6 H, S, 2CHj ) ;  3 . 15 - 3 . 65  (4H, dm, CH2 -CH2 ) ;
5.55 (1H, S, Hx)
8 .2 -8 . 2 5  (1H, m, H8);  8 . 0 -8 . 1 5  (1H, m, H8);  7.90 
j T  (1H, d (J 10 . Hz) ,  H3);  7 . 40 - 7 . 60  (2H, m, H6, H7);
6.70 (1H, d (J 10Hz),  H2) 3.50 (4H, bs,  CH2 -CH2 ) ;
5.57 (1H, S, Hx) .
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13
— Q—!1!DZ—c h e m ic a l  s h i f t s  o f  t h e  q u i n o n e m e t h i d e s  ( 2 , 3 , 2 1  and  2 4 ) 
i n  C D C l ,
Compound C = 0 :  = c 's = S s CH2 •CH =C- Me
184.17 119.3 161.9 40.5 122.04 130.34
à P
35.35 125.82
126.26
126.67
131.17
140.97
134.37
39.98 119.00 130.42
9 179.17 121.70 173.99 35.93 125.64 137.58
126.53
127.20
127.35
131.96
184.43 119.91 156.57
35.66 126.03
40.58 126.55
127.26 
130.52 
138.40
130.98
130.98 16.48 
134.60
186.80 121.4 121.4
II
H
38.61 164.44 131.91 16.53
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13 C nmr  d a t a  o f  o t h e r  p h e n o l s
Compound C-OH C-R C-H C-Me C= Me HS SH
ow
56.23 152
195.57 166.38
191.00
52.96 151.46
133.2 128.1 123.1
C-CHO
139.65 113.13 134.24
133.40 124.48 124.48
127.34
125.16
124.62
15.88 40.1
132.16 107.92 
122.43 
123.30 
125.15 
125.25 
126.65
124.62
127.46
39.56
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w i t h  Gompper ' 8  d a t a o f  t h e  o r a n q e compound on t h e x y l e n e
a n a l o g
Compound Gompper ' s R e p o r t T h i s  w o r k C o n c e n t
A  Max l o g  & A  max l o g  E r a t i o n
258 3 . 5 6 258 3 . 6 0 0
302 3 . 6 0 302 3 . 7 2 0
6 420  sh 4 . 5 2 418 4 . 1 9 4
432 4 . 5 7 430 4 . 2 4 2
450 4 . 4 2 452 4 . 0 7 6
316 3 . 7 3
328 3 . 7 4
425 3 . 8 2
290 4 . 1 9 7
310 4 . 1 9  310 4 . 1 1
322 4 . 2 0  322 4 . 1 2 6
434 4 . 1 1  436 4 . 0 4 4
457 4 . 2 3  456  4 . 1 5 4
482 4 . 0 8  482 4 . 0 0 8
300 3 . 4 3
314 sh 3 . 3 0
330 sh 3 . 0 0
4 2 4  3 . 8 9
EXPERIMENTAL SECTION
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T r e a t m e n t  o f  1 - n a p t h o l  w i t h  c a r b o n  d i s u l p h i d e  i n  a l k a l i n e  
s o l u t i o n
A s o l u t i o n  o f  1 - n a p h t h o l  ( 1 4 . 4 g ,  O . i m o l )  i n  
d i m e t h y l s u l f o x i d e  ( 6 0 m l )  was p l a c e d  i n  t h r e e  n e c k e d  r o u n d  
b o t t o m e d  f l a s k  e q u i p p e d  w i t h  a s m a l l  s e p a r a t i n g  f u n n e l ,  
a m a g n e t i c  s t i r r e r  and a s t o p p e r .
The s o l u t i o n  was t r e a t e d  w i t h  p o t a s s i u m  h y d r o x i d e  
( 1 1 . 2 g ,  0 . 2 m o l )  as a s a t u r a t e d  s o l u t i o n  i n  w a t e r  and 
c a r b o n  d i s u l p h i d e  ( 6 m l ,  O . i m o l )  by t h e  f o l l o w i n g  p r o c e d u r e .  
H a l f  t h e  KoH s o l u t i o n  was a d d e d ,  t h e n ^ o v e r  30 mi n^ ,  
h a l f  o f  t h e  c a r b o n  d i s u l p h i d e  a t  1 5 ° C ,  t h e n  h a l f  o f  t h e  
r e m a i n i n g  p o t a s s i u m  h y d r o x i d e  s o l u t i o n  f o l l o w e d  o v e r  30 
mi n  by h a l f  t h e  r e m a i n i n g  c a r b o n  d i s u l p h i d e ,  t h e n  t h e  
r e m a i n i n g  p o t a s s i u m  h y d r o x i d e  and  f i n a l l y  t h e  r e m a i n i n g  
c a r b o n  d i s u l p h i d e .
A f t e r  t h e  a d d i t i o n  was f i n i s h e d  t h e  m i x t u r e  was 
a l l o w e d  t o  s t i r  a t  1 0 - 1 5 ° C  f o r  a f u r t h e r  2 . 5 h .  The r e d  
s o l u t i o n  was c o o l e d  down t o  0 ° C ,  and t r e a t e d  d r o p w i s e  w i t h  
e t h y l e n e  b r o m i d e  ( 1 7 . 7 g ,  0 . 1 0 4  m o l )  and  l e f t  t o  s t i r  
a g a i n  a t  r oom t e m p e r a t u r e  o v e r n i g h t .  The r e s u l t a n t  
v i s c o u s  r e d  s o l u t i o n  was d i l u t e d  w i t h  w a t e r  ( 2 5 0  m l )  and 
e x t r a c t e d  t h o r o u g h l y  w i t h  e t h e r  ( 3  x 100 m l ) .  The 
c o m b i n e d  e t h e r  l a y e r s  we r e  d r i e d  o v e r  ma g n e s i u m s u l f a t e  
o v e r  30 m i n ,  f i l t e r e d  and  e v a p o r a t e d  t o  g i v e  a r e d  gum.
T i c  ( 25% e t h y l  a c e t a t e / p e t .  e t h e r )  s howed  t wo  m a i n  s p o t s  
s h o w i n g  i n  t h e  d a y l i g h t ,  R f  0 . 2 0  o r a n g e ,  R f  0 . 2 5  y e l l o w  
a l o n g  w i t h  t h e  s t a r t i n g  m a t e r i a l .  Hnmr  ( C D C l ^ )  o f  t h e  
m i x t u r e  s h o we d  m a i n l y  t h e  o r a n g e  q u i n o n e  m e t h i d e  and 
v e r y  l i t t l e  o f  t h e  y e l l o w  o n e .
C r y s t a l l i s a t i o n  f r o m  e t h a n o l  g a v e  o r a n g e  c r y s t a l s
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m e l t i n g  a t  127° C ( l i t .  1 7 ^ ) ;  ( f o u n d  C,  6 3 . 2 8 % ,  H,  4 . 0 9 ,
S,  2 6 . 0 3 % C^ ^ H^ ^ OS^  r e q u i r e s  C,  6 3 . 4 1 % ,  H, 4 . 0 6 % ,  S,  2 6 . 0 2 .  
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Hnmr ,  C n m r , UV d a t a  a r e  s u m m a r i s e d  i n  t a b l e s  ( s e c t i o n  2 )
S e p a r a t i o n  o f  r e a c t i o n  m i x t u r e  by c h r o m a t o g r a p h y
2 g o f  t h e  m i x t u r e  o b t a i n e d  a b o v e  w e r e  c h r o m a t o ­
g r a p h e d  on a p r e p a r a t i v e  s i l i c a  g e l  c o l u m n  w i t h  c h l o r o ­
f o r m  as t h e  e l u e n t . 1 - N a p h t h o l  was e l u t e d  f i r s t  ( 9 0  mg) 
f o l l o w e d  by t h e  o r a n g e  c ompound  ( 6 5  mg)  and a new y e l l o w  
c o mp o u n d  ( 1 5  mg ) .
Raney  n i c k e l  r e d u c t i o n  o f  t h e  o r a n q e  q u i n o n e  m e t h i d e
i .  P r e p a r a t i o n  o f  t h e  c a t a l y s t
N i c k e l  a l u m i n i u m  a l l o y  ( 3 0  mg)  was a d d e d  s l o w l y
d u r i n g  30 mi n  t o  an a q u e o u s  s o l u t i o n  o f  s o d i u m  h y d r o x i d e  
i n  w a t e r  ( 4 g i n  1 5 m l )  a t  7 8 ° C ,  t h e n  c o o l e d  down t o  r oom 
t e m p e r a t u r e ,  and  wa s h ed  t h o r o u g h l y  w i t h  w a t e r  u n t i l  pH7.
i i .  F a i r l y  p u r e  o r a n g e  q u i n o n e  m e t h i d e  ( 1 0 0  mg)  was
d i s s o l v e d  i n  5ml  o f  e t h a n o l  and t h e n  was p o u r e d  o n t o
t h e  c a t a l y s t  and  h e a t e d  up t o  r e f l u x  f o r  a f u r t h e r  15 m i n .  
The n i c k e l  was f i l t e r e d  o f f  and r i n s e d  w i t h  e t h a n o l  b e f o r e  
d i s p o s a l  i n  t h e  s i n k .  The s o l v e n t  was e v a p o r a t e d  o f f  t o  
g i v e  45mg o f  a d i r t y  w h i t e  s o l i d .  T i c  (30% E t O A c / P e t  
e t h e r )  s h o we d  m a i n l y  one s p o t  R f  0 . 7  and  o t h e r  c o m p o n e n t s  
as a s t r e a k .  ^Hnmr  ( C D C l ^ )  was n o t  v e r y  a f f i r m a t i v e  b u t  
s u g g e s t e d  t h a t  t h e  c o mpoun d  has  been  o v e r  r e d u c e d .  The 
same r e a c t i o n  has  b ee n  u n d e r t a k e n  i n  THF as s o l v e n t  and 
f o u n d  t o  g i v e  t h e  same c o mp o u n d .
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A t t e m p t e d  r e d u c t i o n  o f  t h e  o r a n g e  q u i n o n e  m e t h i d e  w i t h  
s o d i u m  b o r o h y d r i d e
To a s o l u t i o n  o f  o r a n g e  q u i n o n e  m e t h i d e  ( 1 0 0  mg) 
i n  dry t e t r a h y d r o f u r a n  ( 5 m l ) p l a c e d  i n  a t e s t  t u b e ,  s o d i u m  
b o r o h y d r i d e  was add e d  a l i t t l e  a t  a t i m e .  A f t e r  1 h 
t i m e  and  e v e n  a f t e r  48h  s t a n d i n g  a t  r oom t e m p e r a t u r e  no 
c h a n g e s  h a p p e n e d  t o  t h e  s o l u t i o n .  T i c  ( e t h y l  a c e t a t e /  
p e t .  e t h e r  s howe d  t h i s  t o  be o n l y  s t a r t i n g  m a t e r i a l  w h i c h  
was r e c o v e r e d  by e v a p o r a t i n g  t h e  s o l v e n t  o f f .
R e d u c t i o n  o f  t h e  o r a n q e  q u i n o n e  m e t h i d e  w i t h  l i t h i u m  
a l u m i n i u m  h y d r i d e  t o  p h e n o l  ( 6 )
A s o l u t i o n  o f  o r a n g e  q u i n o n e  m e t h i d e  ( l OOmg )  i n
d r y  t e t r a h y d r o f u r a n  ( 5 m l )  p l a c e d  i n  a t e s t  t u b e ,  was
t r e a t e d  w i t h  l i t h i u m  a l u m i n i u m  h y d r i d e  u n t i l  t h e  o r a n g e
c o l o u r  o f  t h e  s o l u t i o n  became p a l e  g r e e n .  T i c  s howed
no s t a r t i n g  m a t e r i a l  was l e f t .  L i t h i u m  a l u m i n i u m
h y d r i d e  was t h e n  f i l t e r e d  o f f  and t r e a t e d  w i t h  e t h a n o l
b e f o r e  d i s p o s a l .  The t e t r a h y d r o f u r a n  s o l u t i o n  was
e v a p o r a t e d  t o  g i v e  a b o u t  98mg o f  a new p h e n o l  ( 6 ) whose
s t r u c t u r e  was i d e n t i f i e d  by Hnmr  ( C D C l ^ ) [ a  new s i n g l e t
a t  i  5 . 9 0  ppm ( 1 H ) ]  as w h i t e  c r y s t a l s  f r o m  a m i x t u r e
o f  e t h y l  a c e t a t e  and p e t r o l e u m  e t h e r ,  m e l t i n g  a t  (88-89°C)
( F o u n d  C,  6 2 . 7 1 % ;  H,  4 . 7 7 % ;  S,  2 5 . 7 1 % r e q u i r e s
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C,  6 2 . 9 0 % ;  H,  4 . 8 4 % ;  S,  2 5 . 8 0 % ) .  Hnmr ,  Cnmr ,  IR 
d a t a  g a v e  f u r t h e r  e v i d e n c e .  They  a r e  s u m m a r i s e d  i n  
T a b l e s  ( s e c t i o n  2 ) .
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T r e a t m e n t  o f  t h e  P h e n o l  ( 6 ) w i t h  Raney  n i c k e l
F r e s h l y  p r e p a r e d  p h e n o l  ( 6 ) ( 9 8 mg ,  3 . 9  x 1 0 " ^  mdO 
was d i s s o l v e d  i n  e t h a n o l  ( 5 m l )  and p o u r  o n t o  a f r e s h  
b a t c h  o f  n i c k e l  ( 5 0  mg)  p r e p a r e d  as above.  The w h o l e  
m i x t u r e  was s t i r r e d  t o  r e f l u x  a t  80°C f o r  a f u r t h e r  1 0  m i n .
T i c  p l a t e  s h owed  no s t a r t i n g  m a t e r i a l  was l e f t .  The 
n i c k e l  was f i l t e r e d  o f f  and was hed  w i t h  mor e  e t h a n o l  
b e f o r e  d i s p o s a l  i n  t h e  s i n k .  The e t h a n o l  was e v a p o r a t e d  
o f f  t o  g i v e  a b o u t  ( 6 0  mg,  3 ^ * 1 0 " ^  m o l )  o f  2 - m e t h y l - 1 -  
n a p h t h o l  ( 5 )  w h i c h  was p r o v e d  by ^Hnmr  i n  c h l o r o f o r m  ( new 
s i n g l e t  a t  S 2 . 1 ,  3H,  Me ) .
P r e p a r a t i o n  o f  2 - p i p e r i d i n o m e t h y  1 - 1 - n a p h t h o l
A s o l u t i o n  o f  1 - n a p h t h o l  ( l O g ,  0 . 0 6 8  m o l )  i n  
75% e t h a n o l  ( 5 0  m l )  was cool ed t o  0 ° C .  T h i s  s o l u t i o n  was 
s l o w l y  a d d e d  t o  a s t i r r e d  s o l u t i o n  o f  p i p e r i d i n e  ( 8 m l )  
and 38% f o r m a l d e h y d e  ( 5 m l ) .  The w h o l e  m i x t u r e  was l e f t  
t o  s t i r  f o r  45 mi n  a t  0 ° C .  The p r o d u c t  p r e c i p i t a t e d  o u t  
when w a t e r  was a d d e d  s l o w l y  t o  t h e  s t i r r e d  s o l u t i o n  and 
was f i l t e r e d  o f f ,  wa s h ed  w i t h  mor e  w a t e r  and r e c r y s t a l l i s e d  
f r o m  a c e t o n e  t o  g i v e  t h e  a mi n e  1 5 g ,  0 . 0 6  m o l .  mp.  1 3 7 ° C .
A t t e m p t e d  h y d r o q e n o l y s i s  o f  2 - p i p e r i d i n e  m e t h y l - 1 - n a p h t h o l ( 7 )  
F r e s h l y  p r e p a r e d  p i p e r i d i n e  m e t h y I n a p h t h o l  ( 7 )
( 5 0 0 m g ,  2 . 2  x 10” ^ m o l )  was d i s s o l v e d  i n  75% e t h a n o l  ( 5 0 m l ) ,  
and  10% p a l l a d i u m  c h a r c o a l  ( 1 2 0 mg ) was a d d e d .  A f t e r  24 
h o u r s  no v o l u m e  o f  h y d r o g e n  had  been  t a k e n  u p .  G l a c i a l  
a c e t i c  a c i d  ( 2  d r o p s )  was a d d e d  t o  t h e  s o l u t i o n ^  a f t e r
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a f u r t h e r  2 0 h no v o l u m e  o f  h y d r o g e n  had  been  t a k e n  u p .
The s t a r t i n g  m a t e r i a l  was c o l l e c t e d  b a c k  by f i l t e r i n g  t h e  
c a t a l y s t  o f f  and  e v a p o r a t i n g  t h e  s o l v e n t .
R e d u c t i o n  o f  1 - h v d r o x y - 2 - n a p h t h o i c  a c i d ^ ° °
E t h y l  c h l o r o f o r m a t e  ( I 2 g,  0 . 1 1  m o l )  was a d d e d  a t
o - ^  C o v e r  a p e r i o d  o f  1h t o  a s o l u t i o n  o f  1 - h y d r o x y - 2 -  
n a p h t h o i c  a c i d  ( 1 0 . 3 4 g ,  0 . 0 6  m o l )  and t r i e t h y l  a m i n e  ( 1 1 . 1 g,
0 . 1 1  m o l )  i n  t e t r a h y d r o f u r a n  ( 7 5 m l ) .  And t h e  w h o l e  s t i r r e d  
f o r  a f u r t h e r  45 mi n  a t  t h e  same t e m p e r a t u r e ,  when a w h i t e  
s o l i d  had  p r e c i p i t a t e d  ( t r i e t h y l a m m o n i u m  c h l o r i d e ) .  T h i s  
was f i l t e r e d  o f f  and wa s h e d  w i t h  30ml  o f  t e t r a h y d r o f u r a n .
The c o m b i n e d  f i l t r a t e  was a d d e d  t o  a s o l u t i o n  o f  
s o d i u m  b o r o h y d r i d e  ( 9 . 0 g ,  0 . 2 m o l )  w i t h  s t i r r i n g  a t  10°C 
o v e r  a p e r i o d  o f  1h . When t h e  a d d i t i o n  was f i n i s h e d ,  
t h e  r e a c t i o n  m i x t u r e  was s t i r r e d  a t  r oom t e m p e r a t u r e  f o r  
a f u r t h e r  2 h ,  t h e n  made a c i d i c  w i t h  d i l u t e  h y d r o c h l o r i c  
a c i d ,  d i l u t e d  w i t h  w a t e r  ( 2 0 0 m l )  and e x t r a c t e d  w i t h  e t h e r .  
The c o m b i n e d  e t h e r  l a y e r  was e x t r a c t e d  w i t h  10% a q u e o u s  
s o d i u m  h y d r o x i d e  ( 5 0  m l )  and t h e  s o d i u m  h y d r o x i d e  l a y e r  
was n e u t r a l i s e d  w i t h  d i l u t e  h y d r o g e n  c h l o r i d e  and r e ­
e x t r a c t e d  w i t h  e t h e r  ( 3  x 5 m l ) .  The c o m b i n e d  e t h e r  
l a y e r  was wa s h e d  w i t h  w a t e r  and 5/o a q u e o u s  s o d i u m  b i c a r b ­
o n a t e  t o  g i v e  a b o u t  -ST %) o f  a b r o w n i s h  o i l .  T i c
i n d i c a t e d  one  s p o t .  C r y s t a H i s a t i o n  f r o m  e t h y l  a c e t a t e  
a f f o r d e d  w h i t e  p l a t e s  m e l t i n g  a t  ( 6 4 . 6 6 ° C )  t h e  s t r u c t u r e  
was i d e n t i f i e d  by ^Hnmr  i n  d e u t e r a t e d  c h l o r o f o r m  w h i c h  
s h o we d  t h e  d i s a p p e a r a n c e  o f  t h e  a c i d i c  p r o t o n  a t  S 1 1 . 6 5  
and t h e  a p p e a r a n c e  o f  a new s i n g l e t  a t  ^  2 . 1  ppm.
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1.  M e t h o x y n a p h b h a l e n e  ( 1 4 )
I n  a 500  ml  r o u n d  b o t t o m e d  f l a s k  e q u i p p e d  w i t h  a 
m a g n e t i c  s t i r r e r ,  we r e  p l a c e d  1 - n a p h t h o l  ( 5 0 g ,  0 . 3 4  m o l )  
d i s s o l v e d  i n  a f r e s h l y  made s o l u t i o n  o f  s o d i u m  h y d r o x i d e  
( 1 1 . 5 g ,  0 . 4 1  m o l )  i n  w a t e r  ( 2 0 0  m l )  and c o o l e d  down t o  
0 D i me t h y l  s u l f a t e  ( 4 0  m l )  was a d d e d  d r o p w i s e  o v e r  
1h w i t h  v i g o r o u s  s t i r r i n g .  When t h e  a d d i t i o n  was f i n i s h e d  
t h e  m i x t u r e  was war med  up t o  80° C o v e r  a f u r t h e r  1 h , t h e n  
c o o l e d  down a g a i n  t o  r oom t e m p e r a t u r e  and  e x t r a c t e d  
t h o r o u g h l y  w i t h  e t h e r .  The c o m b i n e d  e t h e r  l a y e r  was 
d r i e d  o v e r  ma g n e s i u m s u l f a t e  o v e r  45 m i n ,  f i l t e r e d  and 
c o n c e n t r a t e d  t o  g i v e  a r e d  o i l .  T i c  p l a t e  (10% e t h y l  
a c e t a t e / p e t .  e t h e r )  s howed  m a i n l y  t wo  s p o t s  due t o  1 -  
n a p h t h o l  R f  0 . 5  and m e t h o x y n a p h b h a l e n e .
A p o r t i o n  o f  t h e  p r e v i o u s l y  o b t a i n e d  r e d  o i l  was 
t r a n s f e r r e d  i n t o  a 25 ml  r o u n d  b o t t o m e d  f l a s k  and  d i s t i l l e d  
i n  a B u c h i  GKR50 u n d e r  r e d u c e d  p r e s s u r e  t o  g i v e  v e r y  
c l e a n  1 - m e t h o x y  n a p h t h a l e n e .  T i c  (5% E t O A c / P e t .  e t h e r )  
i n d i c a t e d  o n l y  one s p o t  R f  0 . 6  and  t h e  Hnmr  i n  CDCl ^  
c o n f i r m e d  t h e  s t r u c t u r e  t o  be 1 - m e t h o x y n a p h b h a l e n e  
( s i n g l e t ,  3H,  4 . 1 )  and ^  1 0 . 1  ( 1 H , S,  CHO) .
P r e p a r a t i o n  o f  N - m e t h y 1 f o r m a n i 1 i d e ^
A m i x e d  s o l u t i o n  o f  N - m e t h y l a n i l i n e  ( 1 0 7 g ,  I m o l ) ,  
f o r m i c  a c i d  ( l O O g ,  ( 9 0 % ) ,  2 . 2  m o l )  and 0 . 6 1  o f  t o l u e n e  
was p l a c e d  i n  a 11 .  r o u n d  b o t t o m e d  f l a s k  f i t t e d  w i t h  3 f t  
i n d e n t e d  c o l u m n  t o  w h i c h  a w a t e r  c o n d e n s e r  was a t t a c h e d .
The s o l u t i o n  was d i s t i l l e d  s l o w l y  o v e r  4 h .  W a t e r  came 
o v e r  f i r s t  f o l l o w e d  by t o l u e n e  ( a b o u t  0 . 4 5  1)  a t  1 0 8 - 1 10°C
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and t h e  r e s i d u e  l e f t  b e h i n d  was t r a n s f e r r e d  i n t o  a s u i t a b l e
f l a s k  and  d i s t i l l e d  a g a i n  u n d e r  r e d u c e d  p r e s s u r e .  The
p o r t i o n s  b o i l i n g  a t  1 1 3 - 1 2 1 °C/ 8mm Hg w e r e  c o l l e c t e d  t o g e t h e r
by d i s s o l v i n g  i n  e t h e r  and e v a p o r a t e d  t o  g i v e  an o i l
f r e e z i n g  p o i n t  13 . 8  -  1 3 . 9 ° c f l i t .  1 3 . 6  -  1 3 . 7 ) l h e  s t r u c t u r e
1
h as  b e e n  c o n f i r m e d  by Hnmr .
F o r m y l a t i o n  o f  1 - m e t h o x y n a p h t h a l e n e  by t h e  u s e „ o f  N-  
m e t h y I f o m a n i l i d e  and p h o s p h o r u s  o x y c h l o r i d e
I n  a r o u n d  b o t t o m e d  f l a s k  e q u i p p e d  w i t h  a
s t i r r i n g  b a r  was p l a c e d  a m i x t u r e  o f  N - m e t h y l f o r m a n i l i d e  
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( 4 . 3  g ,  3 . 1  xIO m o l ) .  T h i s  was l e f t  t o  s t i r  g e n t l y  a t
r oom t e m p e r a t u r e  f o r  30 m i n .  1 - m e t h o x y n a p h t h a l e n e
( 4 . 6 8 g ,  0 . 0 3  m o l )  was a d d e d  d r o p w i s e  t h e n  was a l l o w e d
t o  war m up on a s t e a m  b e a t h  f o r  a f u r t h e r  4 h .
The m i x t u r e  was p o u r e d  o n t o  i c e  and e x t r a c t e d  w i t h
e t h e r  ( 3  x 1 0 0 m l ) .  The e t h e r  l a y e r  was wa s h ed  w i t h  2M
s o d i u m  h y d r o x i d e  s o l u t i o n ,  d r i e d  o v e r  m a g n e s i u m  s u l f a t e ,
f i l t e r e d  and e v a p o r a t e d  t o  g i v e  a d i r t y  l o o k i n g  o i l .  T i c
1
( 10% Et OAc  / p e t .  e t e h r )  showed  a s t r e a k  o f  s p o t s .  Hnmr  
( C D C l j )  was c o m p l i c a t e d .
D i s t i l l a t i o n  on t h e  K u g e l r h o r  u n d e r  v acuum g av e  
1 - m e t h o x y n a p h t h a l e n e  ( 1 4 )  f o l l o w e d  by some r e a s o n a b l y  
p u r e  4 - m e t h o X y - 1  - n a p h t h a 1 d e h yde ( 1 3 )  as an o i l ^ l i t  mp 
2 3 0 ° c ] ^ H n m r  s h owed  t h e  p r e s e n c e  o f  t h e  a l d e h y d e  p r o t o n  
as s i n g l e t  a t  ^  1 0 . 1 .
C o n v e r s i o n  of  4 - m e t h o x y - 1 - n a p h t h a l d e h y d e  ( 1 3 )  t o  i t s  
d i t h i o a c e t a l  ( 1 1  )
4 - m e t h o x y - 1 - n a p h t h a l d e h y d e  ( 1 3 )  was c o n v e r t e d  
t o  i t s  d i t h i o a c e t a l  ( 1 1 ) i n  s u c h  a g ood  y i e l d  f o l l o w i n g  
t h e  same p r o c e d u r e  u s e d  f o r  4 - f o r m y 1 - 1 - n a p h t h o l  ( s e e  
l a t e r  o n ) .
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F o r m y l a t i o n  o f  1 - n a p h t h o l  by t h e  use  o f  t r i e t h y l o r t h o f o r m a t e
To a v i g o r o u s l y  s t i r r e d  s o l u t i o n  o f  1 - n a p h t h o l  ( l . 4 4 g ,  
0 . 0 1  m o l )  i n  2 0  ml  o f  d r y  b e n z e n e  and 1 0 ml  o f  t r i e t h y l  
o r t h o f o r m a t e ,  g r o u n d  a l u m i n i u m  c h l o r i d e  ( A l C l ^ )  ( 2 g )  was 
a d d e d .  The t e m p e r a t u r e  r o s e  up t o  4 0 ° C  a f t e r  10 m i n .
The m i x t u r e  was c o o l e d  down t o  10°C t h e n  50% a q u e o u s  HCl  
was a d d e d  d r o p w i s e .  The r e a c t i o n  m i x t u r e  was t r a n s f e r r e d  
a f t e r  t h e  a d d i t i o n  o f  HCl  was f i n i s h e d  t o  a s e p a r a t i n g  
f u n n e l  and  e x t r a c t e d  t h o r o u g h l y  w i t h  e t h e r ,  d r i e d  o v e r  
m a g n e s i u m  s u l f a t e  o v e r  30 m i n ,  and  t h e  s o l v e n t  was e v a p ­
o r a t e d  o f f  t o  g i v e ,  a b o u t  ( 1 . 5 g )  o f  a m i x t u r e .  T i c  p l a t e  
and  Hnmr  s h owed  m a i n l y  s t a r t i n g  m a t e r i a l  and v e r y  l i t t l e  
o f  t h e  d e s i r e d  c o mpound  was p r e s e n t .
F o r m y l a t i o n  o f  1 - n a p h t h o l  w i t h  h e x a m e t h y l e n e t e t r a m i n e  
A m i x t u r e  o f  1 - n a p h t h o l  ( 1 . 4 g ,  0 . 0 1  m o l )  and 
h e x a m e t h y l e n e t e t r a m i n e  ( 1 . 4 g ,  0 . 0 1  m o l )  was d i s s o l v e d  i n  
t r i f l u o r o a c e t i c  a c i d  ( 5 m l )  and p l a c e d  i n  a r o u n d  b o t t o m e d  
f l a s k  e q u i p p e d  w i t h  a w a t e r  c o n d e n s e r .  The m i x t u r e  was 
h e a t e d  up a t  r e f l u x  ( 8 0 - 9 0 ° C )  f o r  a f u r t h e r  1 2h when a 
b r o w n i s h  s o l u t i o n  r e s u l t e d .  The b u l k  o f  t h e  t r i f l u o r o ­
a c e t i c  a c i d  was d i s t i l l e d  o f f  a t  93° C and t h e  b r o w n  gum 
l e f t  was m i x e d  w i t h  6 0 g o f  i c e d  w a t e r  and  t h e  c o o l e d  
m i x t u r e  a l l o w e d  t o  s t i r  f o r  a f u r t h e r  2 0  m i n  and  made 
b a s i c  t o  pH 10 w i t h  an a q u e o u s  s o l u t i o n  o f  s o d i u m  h y d r o x i d e .
I t  was t h e n  e x t r a c t e d  t h o r o u g h l y  w i t h  e t h e r  ( 3  x 100 m l ) .
The c o m b i n e d  e t h e r  l a y e r  was d r i e d  o v e r  m a g n e s i u m  s u l f a t e  
o v e r  45 mi n  and  f i l t e r e d .  T i c  p l a t e  o f  t h e  e t h e r  l a y e r  
s h o we d  s e v e r a l  s p o t s  R f  0 . 2 5  R f  0 . 3 5  R f  0 . 6  a l o n g  w i t h
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s t a r t i n g  m a t e r i a l  R f  0 . 8 5 .  On s t a n d i n g  a t  r oom t e m p e r ­
a t u r e  o v e r n i g h t  an o r a n g e  s o l i d  had  p r e c i p i t a t e d  o u t  o f  
s o l u t i o n  i t  was f i l t e r e d  and r e c r y s t a l U s a t i o n  f r o m  a 
m i x t u r e  o f  e t h y l  a c e t a t e  and p e t r o l e u m  e t h e r  t o  g i v e  a b o u t  
0 . 8 5  g o f  o r a n g e  c r y s t a l s  m e l t i n g  a t  2 2 8 - 2 2 9 ° C  ( f o u n d  
C,  7 3 . 4 8 % ;  H,  5 . 0 6 % ;  N,  6 . 3 9 %)  C ^ j H ^ ^ N 0 2  r e q u i r e s  C ,
7 3 . 2 4 % ;  H,  5 . 1 6 % ;  N, 6 . 3 7 %.  ^ Hn mr ,  ^ ^ Cnmr  d a t a  a r e  
s u m m a r i s e d  i n  t a b l e s  ( s e c t i o n  2 ) .
The s o d i u m  c a r b o n a t e  l a y e r  was a c i d i f i e d  w i t h  
5M h y d r o c h l o r i c  a c i d  and  a d i r t y  l o o k i n g  s o l i d  p r e c i p i t a t e d .  
I t  was e x t r a c t e d  t h o r o u g h l y  w i t h  e t h y l  a c e t a t e ,  d r i e d  o v e r  
m a g n e s i u m  s u l f a t e  o v e r  30 mi n  and t h e n  t h e  s o l v e n t  was 
f i l t e r e d  o f f  t o  a f f o r d  a b o u t  0 . 3 5 0 g  o f  a p a l e  y e l l o w  s o l i d .  
T i c  p l a t e  i n d i c a t e d  t wo  ma i n  s p o t s ^  s e v e r a l  r e c r y s t a l j i s a t i o n s  
f r o m  e t h y l  a c e t a t e / p e t r o l e u m  e t h e r  g av e  a new a l d e h y d e  
as a p a l e  y e l l o w  c o mpound  m e l t i n g  a t  1 5 0 - 1 5 1 °C ( f o u n d
C, 7 1 . 8 0 % ;  H,  4 . 0 3 % )  ^ ^ 2 ^ 3 0 3  r e q u i r e s  C,  7 2 . 0 0 % ;  H,
1 134 . 0 % .  Hnmr ,  Cnmr  d a t a  a r e  s u m m a r i s e d  i n  t a b l e s  
( s e c t i o n  2 ) .
F o r m y l a t i o n  o f  1 - n a p h t h o l  w i t h  z i n c  c y a n i d e  and d r y  HCl
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A m i x t u r e  o f  1 - n a p h t h o l  ( 4 g , 2 V 7 * 1 0 "  m o l )  and 
z i n c  c y a n i d e  ( 4 . 7 g ,  0 . 0 4  m o l )  was d i s s o l v e d  i n  d r y  e t h e r  
( 5 0 m l )  i n  a t h r e e  n e c k e d  r o u n d  b o t t o m e d  f l a s k  s u r m o u n t e d  
w i t h  a w a t e r  c o n d e n s é .  A s t r e a m  o f  h y d r o g e n  c h l o r i d e  
( g a s )  was b u b b l e d  i n t o  t h e  e t h e r  s u s p e n s i o n  w i t h  v i g o r o u s  
s t i r r i n g .  The m i x t u r e  war med  up by i t s e l f  t o  r e f l u x .
Z i n c  c y a n i d e  d i s a p p e a r e d  and a gummy s o l i d  g r a d u a l l y  w e n t  
y e l l o w  and  c r y s t a l i s e d  o v e r  l & h .  H y d r o g e n  c h l o r i d e  was
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s t o p p e d  and  t h e  m i x t u r e  was l e f t  s t i r r i n g  f o r  a f u r t h e r  
1 2 b .  The e t h e r  was d e c a n t e d  and t h e  y e l l o w  s o l i d  was 
d i s s o l v e d  i n  a m i x t u r e  o f  (70% w a t e r  and 30% e t h a n o l  
( 8 0  m i s ) )  and  l e f t  t o  s t i r  o v e r n i g h t  a t  r oom t e m p e r a t u r e  
t o  g i v e  p u r e  4 - f o r m y l - 1 - n a p h t h o l  i n  a 60% y i e l d  (72% 
i s  r e p o r t e d ) .  The s t r u c t u r e  was c o n f i r m e d  by ^Hnmr  
( a  new s i n g l e t  a t  6  1 0 . 0  and t h e  AB s y s t e m  r e f e r r i n g  t o  
H2,  H3 a t S  7 . 0 0  and 7 . 9 0 ) .
C o n v e r s i o n  o f  4 - f o r m y 1 - 1 - n a p h t h o l  ( 1 2 )  i n t o  i t s  d i t h i o a c e t a l ( 1 0 )
A s o l u t i o n  o f  e t h a n e  d i t h i o l  ( 1 m l )  i n  d r y  c h l o r o ­
f o r m  ( 1 0 m l )  and a s o l u t i o n  o f  b o r o n  t r i f l u o r i d e  e t h e r a t e  
( 1  m l )  i n  d r y  c h l o r o f o r m  ( 1 0 m l )  we r e  p r e p a r e d  f i r s t .
F a i r l y  p u r e  4 - f o r m y 1 - 1 - n a p h t h o l  ( 1 2 )  ( 1 5 0 m g )  
p r e p a r e d  a b o v e  was s u s p e n d e d  i n  a m i x t u r e  o f  c h l o r o f o r m  
and ( 5 m l )  and  m e t h y l e n e  c h l o r i d e  ( 5 m l )  and p l a c e d  i n  a 
2 5ml  r o u n d  b o t t o m e d  f l a s k .
1 . 3 m l  o f  t h e  t h i o l  s o l u t i o n  ( c o n t a i n s  , 140mg 
o f  e t h a n e  d i t h i o l ) w a s  a d d e d  a t  o n c e  f o l l o w e d  by t h e  
a d d i t i o n  o f  b o r o n  t r i f l u o r i d e  e t h e r a t e  s o l u t i o n  ( 0 . 3 m l )
( c o n t a i n s  a b o u t  0 . 0 3  ml  o f  BF^OEt ^ ) .  The w h o l e  m i x t u r e  
was s w i r l e d  and  l e f t  s t a n d i n g  a t  r oom t e m p e r a t u r e  f o r  
1 4 h .  T i c  p l a t e  s h owed  m a i n l y  one  s p o t  l e s s  p o l a r  t h a n  
s t a r t i n g  m a t e r i a l  w h i c h  wa s h e d  o u t  w i t h  5M s o d i u m  c a r b o n a t e  
s o l u t i o n  ( 5 m l ) .  The o r g a n i c  l a y e r  was s e p a r a t e d ,  d r i e d  
and  e v a p o r a t e d  t o  g i v e  a b o u t  180 mg (  8 5 /o) o f  a new 
c o mp o u n d  as p i n k  c r y s t a l s  f r o m  l i g h t  p e t r o l e u m  e t h e r  ( 6 0 -  
8 0 ° C )  mp 1 3 8 - 1 4 0 ° C .  ( F o u n d  6 2 . 7 1 % ;  H , 4 . 7 7 % S,  2 5 . 7 1 % )  
^ 1 3 ^ 1 2 ^ 2 ^  r e q u i r e s  C,  6 2 . 9 0 % ,  H,  4 . 8 4 % ;  S,  2 5 . 8 0 /q.
^Hnmr  i n  c h l o r o f o r m  s h owed  a new s i n g l e t  a t  {> 6 . 7 8 p p m .
^Hnmr  ^ ^ Cn mr  and  i t  g a v e  mor e  e v i d e n c e .  See t a b l e  
( s e c t i o n  2 ) .
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F o r m y l a t i o n  o f  2 , 6 - d i m e t h y I p h e n o l  by t h e  use  o f  h e x a m i n e  
(HMT)  i n  t r i f l u o r o  a c e t i c  acTd
2 , 6 - X y l e n o l  ( 7 , 0 g ,  50 mmol )  was d i s s o l v e d  i n  
t r i f l u o r o a c e t i c  a c i d  ( 7 0 m l ) .  He x a mi n e  ( 6 . 2 0 g ;  5 0 . 0  mmo l )  
was a d d e d .  The w h o l e  m i x t u r e  was h e a t e d  up t o  r e f l u x  
a t  8 0 ° C  f o r  1 2 h . The a c i d  was d i s t i l l e d  o f f  and t h e  
r e m a i n i n g  r e d  d a r k  v i s c o u s  m i x t u r e  was p o u r e d  i n t o  i c e d  
w a t e r  ( 5 0 0 m l ) ,  t h e n  l e f t  t o  s t i r  f o r  20 m i n .  The pH 
o f  t h e  m i x t u r e  was b r o u g h t  up t o  9 . 0  by a d d i n g  a s o l u t i o n  
o f  s o d i u m  c a r b o n a t e  and e x t r a c t e d  w i t h  d i e t h y l  e t h e r  
t h r e e  t i m e s ,  s e p a r a t e d ,  d r i e d  o v e r  ma g n e s i u m s u l f a t e  o v e r  
30 m i n ,  f i l t e r e d  t o  g i v e  t h e  a l d e h y d e  ( 7 . 2 0 g ,  7 0 . 7 % ) ,  
R e c r y s t a l l i s a t i o n  f r o m  c h l o r o f o r m / p e t ,  e t h e r  g av e  m a t e r i a l  
o f  mp 1 0 9 - 1 1 0 ° C .  I t s  s t r u c t u r e  was c o n f i r m e d  by Hnmr  
i n  c h l o r o f o r m  ( s i n g l e t  a t  ^  1 0 . 7 0 p p m ^ a l d e h y d e  p r o t o n s ) .
C o n v e r s i o n  o f  4 - f o r m y l - 2 , 6 - d i m e t h y l  p h e n o l  i n t o  i t s  
d i t h i o a c e t a l  ( 2 0 )
Two s o l u t i o n s  o f  e t h a n e  d i t h i o l  and b o r o n  t r i ­
f l u o r i d e  e t h e r a t e  w e r e  made as a b o v e .
F a i r l y  p u r e  2 , 6 - d i m e t h y 1 - 4 - f o r m y I p h e n o l  ( 1 5 0 mg ,
0 . 0 0 1  m o l )  was s u s p e n d e d  i n  a m i x t u r e  o f  c h l o r o f o r m  ( 5 m l )  
and m e t h y l e n e  c h l o r i d e  ( 5 m l )  and  p l a c e d  i n  2 5ml  r o u n d  
b o t t o m e d  f l a s k .  1 . 3 0  ml  o f  t h e  e t h a n e  d i t h i o l  s o l u t i o n  
i n  d r y  c h l o r o f o r m  c o n t a i n i n g  a b o u t  ( 1 4 0 mg )  o f  0 8 ( 0 0 2 ) 2 ^ ^  
was a d d e d .  A l s o  a b o u t  0 . 3 0 m l  o f  t h e  b o r o n  t r i f l u o r i d e  
e t h e r a t e  s o l u t i o n  i n  d r y  c h l o r o f o r m  c o n t a i n i n g  a b o u t  0 . 0 3 m l
o f  B F ^ 0 E t 2 was a d d e d  as w e l l .
The w h o l e  m i x t u r e  was s w i r l e d  a r o u n d  and  l e f t  
s t a n d i n g  a t  r oom t e m p e r a t u r e  f o r  a f u r t h e r  1 2 h .  T i c
-  106 -
p l a t e  s h o w e d  o n l y  one s p o t  l e s s  p o l a r  t h a n  t h e  s t a r t i n g
m a t e r i a l .  The m i x t u r e  was t h e n  was h ed  w i t h  a 2M s o d i u m  
c a r b o n a t e  s o l u t i o n  ( 5ml ) . .  The c h l o r o f o r m  l a y e r  was 
s e p a r a t e d ,  d r i e d  and e v a p o r a t e d  t o  g i v e  160mg o f  a new 
p h e n o l .  C r y s t a  Hi  s a t i o n  f r o m  p e t r o l e u m  e t h e r  ( 6 0 - 8 0 % )  
g a v e  p a l e  p i n k  p l a t e s  m e l t i n g  a t  6 8 - 6 9 ° C .
O x i d a t i o n  o f  t h e  p h e n o l  ( 2 0 )  by DDQ
The d i t h i o l a n y l  x y l e n o l  o b t a i n e d  a b o v e  ( 0 . 0 3 5 g
1 . 6  X 1 0  ^  m o l )  was d i s s o l v e d  i n  c h l o r o f o r m  ( 2 m l )  and 
m i x e d  w i t h  a s o l u t i o n  o f  2 , 3 - d i c h l o r o - 5 , 6 - d i c y a n o  b e n z o -  
q u i n o n e  (DDQ)  ( 6 . 4 5  mg) i n  c h l o r o f o r m( 2 ml  ) ,  when t h e  c o l o u r  
became b r o w n .
T i c  (50% E t O A c / P e t  e t h e r )  s howed  one s p o t  R f  0 . 4 2  
a l o n g  w i t h  a n o t h e r  s p o t  w h i c h  i s  due t o  t h e  r e m a i n i n g  
s t a r t i n g  m a t e r i a l  R f  0 . 9 0 .  A f t e r  1h t i m e  t i c  p l a t e  
s h o we d  no s t a r t i n g  m a t e r i a l  r e m a i n e d .  :,
The m i x t u r e  was t h e n  f i l t e r e d  o f f  and t h e n  
c o n c e n t r a t e d  t o  g i v e  ( 0 . 3 0 g ,  84%)  f a i r l y  p u r e  q u i n o n e
m e t h i d e  whos e  s t r u c t u r e  was c o m p l e t e l y  i d e n t i f i e d  by
1 13  AHnmr  i n  c h l o r o f o r m ,  Cnmr ,  mass s p e c t r a ;  u v . f t l l  o f  t h e s e
d a t a  a r e  s u m m a r i s e d  i n  t a b l e s  ( s e e  s e c t i o n  2 ) .
A t t e m p t e d  o x i d a t i o n  o f  t h e  p h e n o l  ( 1 0 )  w i t h  DDQ
F a i r l y  p u r e  p h e n o l  ( 1 0 )  ( 0 . 2 5 g , 0 . 0 0 1  m o l )  was
d i s s o l v e d  i n  m e t h y l e n e  c h l o r i d e  ( 2 . 5 m l )  and p l a c e d  i n  
a 2 5 ml  r o u n d  b o t t o m e d  f l a s k .
F r e s h l y  c r y s t l a l U s e d  2 , 3 - d i c y a n o - 5  , 6 - d i c h l o r o  
b e n z o q u i n o n e  ( 0 . 2 3 g ,  O . O O I m o l )  was d i s s o l v e d  i n  m e t h y l e n e
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c h l o i i d e  ( 2 . 0 m l )  and t h e n  add e d  d r o p w i s e  by t h e  a i d  o f  a
p a s t e u r  p i p e t t e  t o  t h e  p r e v i o u s  s o l u t i o n  a t  r oom t e m p e r a t u r e .
The c o l o u r  c h a n g e d  by a d d i n g  mor e  and mor e  o f
t h e  DDQ s o l u t i o n  u n t i l  i t  became a d a r k  r e d  s o l u t i o n .  The
r e a c t i o n  was b e i n g  m o n i t o r e d  by t i c  p l a t e s .  A t  t h e
b e g i n n i n g  t i c  s h o wed  t wo  s p o t s  Rf  0 . 2 5 ,  R f  0 . 3 5 ^  a l o n g
w i t h  t h e  s t a r t i n g  m a t e r i a l  R f  0 . 9 , . i t  was a l l o w e d  t o  r e f l u x
a t  5 0° C f o r  a f u r t h e r  2h w h e r e  t h e  c o l o u r  became mor e
y e l l o w ,  t h e  t i c  p l a t e  was s t i l l  s h o w i n g  t h e  same s p o t s
as b e f o r e  b u t  no s t a r t i n g  m a t e r i a l  was l e f t .  The s o l u t i o n
was f i l t e r e d  and  e v a p o r a t e d  t o  g i v e  a r e d  c o l o u r e d  s o l i d .
1
Hnmr  was v e r y  c o m p l e x .
N . B .  The a b o v e  r e a c t i o n  was u n d e r t a k e n  i n  c h l o r o f o r m  
and  i n  d e u t e r a t e d  a c e t o n e  i n  an nmr  t u b e  and no q u i n o n e  
m e t h i d e  was o b s e r v e d .
A t t e m p t e d  o x i d a t i o n  o f  t h e  p h e n o l  ( 1 0 )  w i t h  PDC C H ^ - C T q 
Ph e n o l  (10) ( 4 5 mg )  was d i s s o l v e d  i n  m e t h y l e n e
c h l o r i d e  ( 1 m l )  and  p l a c e d  i n  25ml  r o u n d  b o t t o m e d  f l a s k .
A s o l u t i o n  o f  p y r i d i n i u m  d i c h r o m a t e  (PDC)  ( 1 1 5 mg )  i n  
d i c h l o r o m e t h a n e  was a d d e d  s l o w l y  by t h e  a i d  o f  a p a s t e u r  
p i p e t t e ,  and  t h e n  t h e  m i x t u r e  was a l l o w e d  t o  s t i r  v i g o r ­
o u s l y  a t  r oom t e m p e r a t u r e  f o r  2 4 h . ,  T i c  (50% E t O A c / P e t .  
e t h e r )  a g a i n s t  s t a r t i n g  m a t e r i a l  s howed  t wo  m a j o r  s p o t s  
R f .  0 . 4 0  y e l l o w ,  R f  0 . 8 5 )  t h e  same as s t a r t i n g  m a t e r i a l  b u t  
i t  b e h a v e s  d i f f e r e n t l y  f r o m  i t  when i t  i s  s p r a y e d  w i t h
n  i  VCe s p r a y .
The l a s t  t r a c e s  o f  c h r o me  w o r e  f i l t e r e d  o f f  t h r o u g h  
a f l a s h  c h r o m a t o g r a p h y  c o l u m n .  And t h e n  t h e  s o l v e n t
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d i s t i l l e d  o f f  t o  g i v e  a r e d  y e l l o w i s h  s o l i d .  ^Hnnfi r 
( C D C l ^ )  was n o t  a f f i r m a t i v e .
N . B .  The same o b s e r v a t i o n s  w e r e  made when t h e  
a b o v e  r e a c t i o n  was u n d e r t a k e n  i n  d i m e t h y l  f o r m a m i d e  (DMF)  
as s o l v e n t .
A t t e m p t e d  o x i d a t i o n  o f  p h e n o l s  ( 6 ) and ( 1 0 ) by t h e  use  
o f  DM50 " a c t i v a t e d "  by o x a l y l  c h l o r i d e
i .  A s o l u t i o n  o f  o x a l y l  c h l o r i d e  ( 1 m l )  i n  m e t h y l e n e
c h l o r i d e  ( 1 0 m l )  and a s o l u t i o n  o f  d i m e t h y l s u l f o x i d e  ( l . 7 m l s )  
i n  m e t h y l e n e  c h l o r i d e  ( 1 0 m l ) ,  as w e l l  a s ,  a s o l u t i o n  o f
t h e  p h e n o l  ( 9 0 mg )  i n  m e t h y l e n e  c h l o r i d e  ( 3 . 0 m l )  was made 
first.
i i .  1 . 0 ml  o f  t h e  o x a l y l  c h l o r i d e  s o l u t i o n  was
p l a c e d  i n  a 50ml  t h r e e  n e c k e d  r o u n d  b o t t o m e d  f l a s k  
e q u i p p e d  w i t h  a t h e r m o m e t e r ,  d r y i n g  t u b e  ( s i l i c a  g e l )  and 
s e r u m c a p  t h r o u g h  w h i c h  t h e  t wo  o t h e r  s o l u t i o n s  we r e  
i n j e c t e d  by  t h e  a i d  o f  s y r i n g e s  and  n e e d l e s .  The s o l u t i o n  
was c o o l e d  down t o  - 6 0 ° C .
D i m e t h y l s u l f o x i d e  s o l u t i o n  ( 1 m l )  was i n j e c t e d  
s l o w l y  i n t o  t h e  s t i r r e d  o x a l y l  c h l o r i d e  s o l u t i o n .  The 
m i x t u r e  was a l l o w e d  t o  s t i r  f o r  a f u r t h e r  2 m i n  a t  - 5 0 ° C  
and t h e n  t h e  p h e n o l  s o l u t i o n  was a d d e d  d r o p w i s e  d u r i n g  
5 m i n  w i t h  c o n t i n u i n g  s t i r r i n g .  When t h e  a d d i t i o n  was 
f i n i s h e d  t h e  m i x t u r e  was a l l o w e d  t o  warm up t o  r oom
t e m p e r a t u r e .
W a t e r  a b o u t  ( 5 0 m l )  was a d d e d  and  t h e n  l a y e r s  
w e r e  s e p a r a t e d  and t h e  a q u e o u s  l a y e r  was r e - e x t r a c t e d  w i t h  
mo r e  d i c h l o r o m e t h a n e .  The c o m b i n e d  d i c h l o r o m e t h a n e  l a y e r
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W3 S d r i e d  o v e r  ma g n e s i u m s u l f a t e  o v e r  30 mi n  and t h e n  
f i l t e r e d ,  c o n c e n t r a t e d  t o  g i v e  a r e d  o i l .  T i c  (20% 
E t O A c / P e t .  e t h e r )  s howed  a s t r e a k  c o n t a i n i n g  t wo  m a j o r  
s p o t s  R f  0 . 2 5  and  0 . 4 0 .  No s t a r t i n g  m a t e r i a l  was l e f t .
Hnmr  ( C D C l ^ )  o f  t h e  r e a c t i o n  m i x t u r e  was n o t  a f f i r m a t i v e  
f o r  p r e s e n c e  o f  q u i n o n e  m e t h i d e .
A t t e m p t e d  o x i d a t i o n  o f  t h e  p h e n o l s  ( 6 , 1 0 )  w i t h  t r i p h e n y l -  
m e t h y l  t e t r a f 1 u o r o b o r a t e
P h e n o l  ( 1 0 )  ( l O O g ,  4 x 10 ^ m o l )  i n  m e t h y l e n e
c h l o r i d e  ( 7 m l )  was p l a c e d  i n  25ml  r o u n d  b o t t o m e d  f l a s k .
T r i p h e n y I m e t h y 1 t e t r a f l u o r o b o r a t e  ( 2 m l )  was a d d e d  and  t h e
m i x t u r e  was a l l o w e d  t o  s t i r  a t  r oom t e m p e r a t u r e ,  and t h e
r e a c t i o n  was m o n i t o r e d  by t i c  p l a t e .  A f t e r  1 6h t i c  a g a i n s t
s t a r t i n g  m a t e r i a l  and an a u t h e n t i c  s a m p l e  o f  t h e  o r a n g e
q u i n o n e  m e t h i d e  s howed  no s i g n  o f  t h e  d e s i r e d  c o mp o u n d .
A t t e m p t e d  o x i d a t i o n  o f  t h e  p h e n o l  ( 1 0 )  w i t h  o x y g e n  and b as e  
P h e n o l  ( 1 0 )  ( I GGmg,  4 x 1G” ^ )  was d i s s o l v e d  i n  
b e n z e n e  ( 1 0 m l )  and  p l a c e d  i n  a 25ml  r o u n d  b o t t o m e d  f l a s k  
and  o x y g e n  was b u b b l e d  i n t o  i t  w i t h  c o n t i n u i n g  s t i r r i n g .  
A f t e r  2Gh t i c  p l a t e  s howed  o n l y  s t a r t i n g  m a t e r i a l .
P o t a s s i u m  t e r t i a r y  b u t o x i d e  ( G . G 9 g ,  4y1G ^ m o l )  
was a d d e d  and  t h e  o x y g e n  was b u b b l e d  i n t o  s o l u t i o n  a g a i n  
f o r  a f u r t h e r  1 2 h . T i c  s t i l l  s h o w i n g  o n l y  s t a r t i n g  
m a t e r i a l  w h i c h  was r e c o v e r e d  a l m o s t  w i t h o u t  l o s s .
-  1 1 0  -
B r o m i n a t i o n  o f  1 - h y d r o x y - 4 - n a p h t h a l d e h d y e ^
A s o l u t i o n  o f  t h e  p u r e  a l d e h y d e ( 1 . 5 g , 0 . 0 0 9 m o l )
p r e p a r e d  by G a t t e r m a n n  r e a c t i o n  i n  g l a c i a l  a c e t i c  a c i d
( 6 0 m l )  p l a c e d  i n  a t h r e e  n e c k e d  r o u n d  b o t t o m e d  f l a s k
s u r m o u n t e d  w i t h  a s e p a r a t i n g  f u n n e l ,  d r y i n g  t u b e  and a
s t o p p e r ,  was c o o l e d  i n  an i c e  b a t h .  A s o l u t i o n  o f
b r o m i n e  ( 0 . 5 m l ,  m o l )  i n  g l a c i a l  a c e t i c  a c i d  ( 2 0 m l )  was
p l a c e d  i n  t h e  s e p a r a t i n g  f u n n e l  and t h e n  a l l o w e d  t o  d r o p
s l o w l y  o n t o  t h e  s t i r r e d  a l d e h y d e  s o l u t i o n  o v e r  4 0 m i n .
The b r o m i n a t e d  a l d e h y d e  ( 2 2 )  p r e c i p i t a t e d  o u t  o f  s o l u t i o n
as c o l o u r l e s s  c r y s t a l s  and was l e f t  s t a n d i n g  a t  r oom
t e m p e r a t u r e  o v e r n i g h t .
The a c e t i c  a c i d  was f i l t e r e d  o f f  and t h e  s o l i d  was
w a s h e d  t h o r o u g h l y  w i t h  w a t e r  and d r i e d  t o  g i v e  2 . 0 g  9 5%
o f  f a i r l y  p u r e  b r o m i n a t e d  a l d e h y d e ,  mp 1 4 2 - 1 4 4 ° C  ( l i t .
1
1 4 4 _ 1 4 5 ° C ) .  Hnmr  s howed  t h e  d i s a p p e a r a n c e  o f  t h e  d o u b l e t ,  
o f  t h e  u p - f i e l d  p r o t o n  H2 a t  {> 6 . 7 0 p p m  and t h e  c h a n g e s  
o f  t h e  d o u b l e t  r e f e r r i n g  t o  H3 i n t o  a s i n g l e t  a t  6 . 3 0 p p m .
C o n v e r s i o n  o f  1 - h y d r o x y  2 - b r o m o - 4 - n a p h t h a l d e h y d e  i n t o  
i t s  d i t h i o a c e t a l  ( 2 3 )
Two s o l u t i o n s  we r e  p r e p a r e d  f i r s t .
a .  e t h a n e  d i t h i o l  ( 1 m l )  i n  d i c h l o r o m e t h a n e  ( 1 0 m l )
b .  b o r o n  t r i f l u o r o e t h e r a t e  ( 1 m l )  i n  d i c h l o r o m e t h a n e  
( 1 0 m l ) .
B r o m o a l d e h y d e  ( 0 . 5 g ,  2 . 2  x 1 0 " ^  m o l )  was d i s s o l v e d
i n  c h l o r o f o r m  ( 7 0 m l )  and t h e n  t r a n s f e r r e d  i n t o  a r o u n d  
b o t t o m e d  f l a s k  by t h e  a i d  o f  p a s t e u r  p i p e t t e .
1 , 0 m l  o f  t h e  e t h a n e  d i t h i o l  s o l u t i o n  was add e d  
as w e l l  as 4 ml  o f  t h e  b o r o n  t r i f l u o r i d e  e t h e r a t e  and
-  111 -
t h e n  t h e  w h o l e  m i x t u r e  was a l l o w e d  t o  s t i r  g e n t l y  f o r  
1 2 h a t  r oom t e m p e r a t u r e .
T i c  s h o wed  no s t a r t i n g  m a t e r i a l  r e m a i n e d  and
t h e  r e a c t i o n  m i x t u r e  was t h e n  e x t r a c t e d  w i t h  a s o l u t i o n  
o f  5M s o d i u m  c a r b o n a t e .  The o r g a n i c  l a y e r  was s e p a r a t e d ,  
d r i e d  o v e r  m a g n e s i u m  s u l f a t e  and e v a p o r a t e d  t o  g i v e  t h e  
t h i o a c e t a l  ( 2 3 )  i n  a b o u t  90% y i e l d .  C r y s t a H i s a t i o n  f r o m  
p e t r o l e u m  e t h e r  ( 6 0 - 8 0 ° C )  y i e l d e d  o r a n g e  c r y s t a l s  m e l t i n g  
a t  1 2 0 - 1 2 1 . 5 ° C .  ( F o u n d  C,  4 7 . 8 0 % ;  H,  3 . 1 1 %;  S,  1 9 . 6 3 % ;
B r ,  2 4 . 8 5 % ) C ^ ^ H ^ Q S 2 B r ^  r e q u i r e s  C,  4 7 . 8 5 % ;  H,  3 . 0 7 %;
S,  1 9 . 6 3 % ) B r ,  2 4 . 5 4 % ) .  ^ Hnmr ,  ^ ^ Cnmr  d a t a  a r e  s u m m a r i s e d  
i n  t a b l e s  ( s e e  s e c t i o n  2 ) .
A t t e m p t e d  o x i d a t i o n  o f  t h e  d i t h i o a c e t a l  ( 2 3 )  w i t h  DDQ 
O x i d a t i o n  o f  t h e  d i t h i o a c e t a l  ( 2 3 )  w i t h  2 , 3 -  
d i c h l o r o  - 5 , 6 - d i c y a n o  - b e n z o q u i n o n e  t y p i c a l l y  as m e n t i o n e d  
a b o v e  was met  w i t h  f a i l u r e  as w e l l .
S y n t h e s i s  o f  t h e  2 - m e t h y l - p a r a  n a p h t h o q u i n o n e m e t h i d e  ( 2 4 )  
T r e a t m e n t  o f  f r e s h l y  p r e p a r e d  2 - m e t h y 1 - 1 - n a p h t h o l  
w i t h  c a r b o n  d i s u l p h i d e  and d i b r o m o  e t h a n e  i n  a l k a l i n e  
s o l u t i o n  t y p i c a l l y  as r e p o r t e d  by Gompper  r e s u l t e d  i n  
a r e d  o i l .  T i c  (20% E t O A c / p e t  e t h e r )  s h owe d  R f  0 . 2 5 ^ y e l l o w ^  
and  s t a r t i n g  m a t e r i a l .  C r y s t a l U s a t i o n  f r o m  e t h y l  
a c e t a t e / p e t .  e t h e r  y i e l d e d  y e l l o w  c r y s t a l s  o f  t h e  q u i n o n e -  
m e t h i d e  m e l t i n g  p t .  1 3 9 - 1 4 0 ° C .  ( F o u n d  C,  6 3 . 3 2 % ,  H , 4 . 4 1  /o ;
^ 1 4 ^ 2 0 8 2  r e q u i r e s  ( C,  6 4 . 6 % ;  H , 4 . 6 1 % ;  S,  2 4 . 6 2 % ) .  ^Hnmr  
I ^ C n m r  and  uv d a t a  a r e  s u m m a r i s e d  i n  t a b l e s .  ( s e e  
S e c t i o n  2 ) .
-  1 1 2  -
P r e p a r a t i o n  o f  2 - c h l o r o - 1 - n a p h t h o l  ( 2 3 ) ^ ^ ^
I n  a 2 5 0 ml  t h r e e  n e c k e d  r o u n d  b o t t o m e d  f l a s k  
e q u i p p e d  w i t h  a s e p a r a t i n g  f u n n e l ,  t h e r m o m e t e r  and a 
m a g n e t i c  s t i r r e r  w e r e  p l a c e d  1 n a p h t h o l  ( 2 0 g ,  0 . 1 3 9  m o l )  
and  an a q u e o u s  s o l u t i o n  o f  s o d i u m  h y d r o x i d e  ( 2 N)  ( 8 0 m l ) .  
The m i x t u r e  was c o o l e d  down t o  0 ° C , v i g o r o u s l y  s t i r r e d ,  
and 5% a q u e o u s  s o d i u m  h y p o c h l o r i t e  ( 2 0 0 m l s ,  0 . 3 3 m l )  was 
d r o p p e d  o v e r  1 . 5 h .  The c o o l e d  s o l u t i o n  was r a p i d l y  
t r a n s f e r r e d  i n t o  a 1 l i t r e  b e a k e r  and a c i d i f i e d  w i t h  
c o n c e n t r a t e d  HCl  t o  pH 1.  The s o l i d  w h i c h  p r e c i p i t a t e d  
was f i l t e r e d  and  a i r  d r i e d  o v e r n i g h t  t o  g i v e  a b o u t  60% 
o f  c r u d e  p r o d u c t  w h i c h  was s t e a m  d i s t i l l e d  t o  g i v e  w h i t e  
s o l i d  mp.  5 8 - 6 0 ° C  i n  a y i e l d  o f  50%.  T i c  ( 10% E t O A c / p e t  
e t h e r )  s h o we d  o n l y  one s p o t  mor e  p o l a r  ( R f  0 . 6 5 )  t h a n  
1 - n a p h t h o l .  ^Hnmr  ( C D C l ^ )  ^  1 . 7 0 - 1 . 8 5 ,  b d ,  H8;  2 . 2 0 -
2 . 4 0 ,  b d ,  H5;  2 . 4 5 - 2 . 6 5 ,  m, H3,  H5,  H6,  H7;  4 . 0 ,  SS,  OH.
P r e p a r a t i o n  o f  2 - b r o m o - 1 - n a p h t h o T
B r o m i n e  ( 7 . 2 g ,  O . i m o l )  was add e d  d r o p w i s e  a t  
- 2 5  t o  - 3 5 ° C  t o  a s o l u t i o n  o f  t - b u t h y l a m i n e  ( 3 1 . 8 g ,  0 . 2  
m o l )  and  d r y  t o l u e n e  ( 5 0 0 m l )  p l a c e d  i n  a 1 l i t e r  r o u n d  
b o t t o m e d  f l a s k  e q u i p p e d  w i t h  a d r o p p i n g  f u n n e l  and  a 
m a g n e t i c  s t i r r e r .  A t  t h e  same t e m p e r a t u r e  a s o l u t i o n  o f  
1 - n a p h t h o l  ( 7 . 2 ,  0 . 0 5  m o l )  i n  d i c h l o r o m e t h a n e  ( 3 m l )  was 
a d d e d  o v e r  5 m i n  when t h e  a d d i t i o n  was f i n i s h e d  t h e  
w h o l e  m i x t u r e  was a l l o w e d  t o  s t i r  a t  r oom t e m p e r a t u r e  f o r  
a f u r t h e r  4 . 5 h .  The m i x t u r e  was wa s h ed  w i t h  5 0 0 ml  o f  
w a t e r  and  s e p a r a t e d .  The o r g a n i c  l a y e r  was e x t r a c t e d
-  113 _
w i t h  10% s o d i u m  h y d r o x i d e  and t h e n  a c i d i f i e d  t o  g i v e  a
y e l l o w  s o l i d .  I t  was r e - e x t r a c t e d  w i t h  d i c h l o r o m e t h a n e ,
s e p a r a t e d  and  d r i e d  o v e r  ma g n e s i u m s u l f a t e .  The s o l v e n t
was e v a p o r a t e d  o f f  and a d a r k  r e d  o i l  ( 7 . 5 g )  was o b t a i n e d
w h i c h  b ec ame  s o l i d  on s t a n d i n g  a t  r oom t e m p e r a t u r e .  T i c
( 10% E t O A c / p e t  e t h e r )  a g a i n s t  t h e  s t a r t i n g  m a t e r i a l  and
an a u t h e n t i c  s a m p l e  o f  2 - c h l o r o - 1 - n a p h t h o l  s howed  o n l y
v e r y  l i t t l e  o f  t h e  s t a r t i n g  m a t e r i a l  and a n o t h e r  t i n y
s p o t  r u n n i n g  b e h i n d  t h e  ma i n  s p o t  r e f e r r i n g  t o  2 - b r o m o -
1 - n a p h t h o l  R f  0 . 5 .
The m i x t u r e  was s t e a m  d i s t i l l e d  t o  g i v e  a b o u t
( 6 . 3 g ,  0 . 0 2 8  m o l )  i n  a y i e l d  o f  56%.  ( l i t  61%)  o f  w h i t e
c r y s t a l s  w h i c h  was c r y s t a l l i s e d  f r o m  e t h y l  a c e t a t e  and
1
p e t r o l e u m  e t h e r .  S t r u c t u r e  was c o n f i r m e d  by  Hnmr ( C D C l ^ )  
s h o w i n g  d i s a p p e a r a n c e  o f  t h e  u p - f i e l d  p r o t o n  a t  6 6 . 6 7 p p m ,  
and  H3 as a s i n g l e t  a t  8 . 0 0 p p m .
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